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(54) Surgical microscope unit 

(57) A surgical microscope unit which Is compact 
and operated lightly at high stability has first and second 
parallelogrammic linkages (2. 3). Interlocking mecha- 
nisms (7, 8) for interlocking the first and second parallel- 
ogrammic linkages, a counterweight (39a) connected to 
an arm (3d) of the second parallelogrammic linkage, flex- 
ible movement transmitting members (27, 28) for trans- 
mitting tilting movements of the microscope body (12) 
around pivot axes (09. GIG) directly to a tilting rod (25) 
as tilting movements around pivot axes (27. 28] at the 
same ratio, and a movement controlling mechanism (40) 
for limiting a moving locus of the tilting rod (25) to a cor- 



responding location at which the microscope unit is set. 
The pivot axes (01 , 04. 05, OS, 01 0, 012) are arranged 
80 that a triangle formed by connecting the pivot axes 
(01 , 04, 01 0) is similar to a triangle formed by connect- 
ing the pivot axes (05. OS, 012) in a plane parallel with 
a plane including a vertical axis (GO). Auxiliary counter- 
weights are provided on members interloddng with 
either the first interlocking mechanism or the second 
interlocking mechanism. When the microscope body is 
moved, the balancing weight does not project from the 
microscope body. 
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Descrlpti n 

The present inventi n relates to a surgical micro- 
scope unit used for micr surgery in the field of neurosur- 
gery, for example, and m re particularly to a surgical 
microscope unit having a microscope lor observing por- 
tions to be surgically operated in a large scale and a sup- 
porting unit for moving the microscope to a position 
where a surgeon wants and changing the posture of the 
microscope as he wants. 

As surgical methods arxi surgical instruments have 
been developed, microsurgery has been performed fre- 
quently In the microsurgery, a surgical microscope unit 
of the above-mentioned type is used. 

tn neurosurgical operation, the positions and the 
angles (postures) of the microscope need be changed 
frequently to observe the portions to be operated from 
various directions. Various supporting units have been 
proposed which move the microscopes to a required 
position quiddy and accurately, allow the microscopes to 
take any necessary postures and can define the moving 
trajectories or loci of the microscopes. 

Jpn. Pat. Apptn. KOKAI Publication No. 5-168648 
and Jpn. Pat Appin. KOKAI Publication Na 5-215972 
propose supporting units which can cause microscope 
bodies to tift without moving observation points. 

Jpn. Pat. Appln. KOKOKU Publication No. 63-36481 
and United States Patent No. 5,173,802 also disclose 
supporting units of this kind. 

With the supporting unit disclosed in Jpn. Pat Appln. 
KOKAI Publication No. 5-168648, however, the longitu- 
dinal frame of a front parallel linkage which is set to rotate 
the microscope body around its focal position when the 
microscope body is tilted is elongated and then the front 
parallel linkage projects largely to ot)struct its operation. 
Th tilting movement of the microscope body caused by 
the front parallel linkage is transmitted by another linkage 
to a rear parallel linkage disposed under the front parallel 
linkage. The provision of these extra linkage makes the 
structure of the supporting unit very complicated and lim- 
its its tilting range. When the field of vision is moved by 
tilting the microscope body not around the focal position 
but around a vicinity of the microscope body slightly, not 
only the whole linkages but also the countenAreight are 
moved together. Thus, the supporting unit must be 
moved against a large inertia, thereby enlarging the 
operation force, resulting in heavy movement of the sup- 
porting unit 

Similarly, with supporting unit disclosed in Jpn. Pat. 
Appln. WOKAI Publication No 5-21 5972, the tilting move- 
ment of the microscope body is transmitted by a linkage. 
The structure is similarly complicated, the tilting range of 
the miaoscope body is small Euid a large operation force 
is required. Further, a weight for taking horizontal bal- 
ance is positioned at a place at which the weight largely 
proj ects toward the opposite side to the microscope body 
when the microscope is moved and obstructs the oper- 
ation of the microscope body during surgery. 



In the supporting unit disctosed in Jpn. Pat Appln. 
KOKOKU Publication No. 63-36481. a lower swing sys- 
tem and an upper swing system which comprise parallel 
linkages are supported on a support and at least one 

5 weight is carried on the lower swing system by a rod to 
maintain equilibrium of both swing systems. This sup- 
porting unit has a problem in that the balance weight and 
the rod for supporting the balance weight project rear- 
ward largely as the microscope body is moved, and they 

10 interfere with other instruments used during surgery and 
greatly obstruct the work of the surgeon and his assist- 
ants. The supporting unit has a further problem in that 
stability is not good because an axis for supporting the 
lower swing system on the support is positioned at a high 

IS level and thus the position of the center of gravity is high. 
It is assumed that an arm portion extending from the 
portion of the axis to the portion of the rod is made short 
in order to reduce the amount of projection of the balance 
weight at the axis. With tNs arrangement however, the 

20 balance weight projects upward as the swing system 
rotates downward. Thus, this movement greatly hinders 
the work of the surgeon arxi his assistants. 

It is necessary to make the swing arm long to provide 
the microscope body with an ample tilting range when 

25 the position of the axis is lowered. In this case, however, 
the balance weight must be made large or a rod and an 
arm member for supporting the balance weight must be 
made large to maintain the balance of the swing system. 
In both cases, the amount of the projection of the balance 

30 weight is large. In any case, the amount of the projection 
of the balance weight cannot be made small. 

The supporting dey/ice disclosed in United States 
Patent No. 5,173.802 differs from that disclosed in Jpn. 
Pat Appln. t^KOKU Publication No. 63-36481 only in 

36 that the balance weight is directly connected to the arm 
menUser of the swing system. 

Wrth the supporting unit disclosed in Jpn. Pat Appln. 
KOKAI Publication No. 5-168648. a lower swing system 
and an upper swing system which comprises parallel 

40 linkages are supported on a support and the tilting move- 
ment of the front parallel linkage, i.a. the microscope is 
transmitted to the axis of the parallel linkage of the lower 
swing system. This supporting unit has the same prok>- 
lems as those of the supporting unit of Jpn. Pat Appln. 

45 KOKOKU Publication No. 63-36481 in that the counter- 
weight largely projects at the axis of the parallel linkage 
and creates obstruction and stability is lowered because 
the axis is at a high level. In other words, the counter- 
weight largely projects rearward as the microscope kxxiy 

50 is moved. Thus, the counterweight interferes with other 
instruments in the surgical operation room, a surgeon 
and his assistants, and the stability of the supporting unit 
is lowered. 

It is desirable that the weight for maintaining the bal- 
55 ance in a counterbalance type structure be disposed 
dose to the pivot axis in order to reduce the inertia. How- 
ever, the weight cannot approach the pivot axis well in 
the structures disclosed in Jpn. Pat Appln. WOKOKU 
Publication No. 63-36481, United States Patent No. 
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5.173,802 and Jpn. Pat. Appln. KOKAI Publication No. 
5-168648, because the weight must be increased in 
order to cause the weight to approach th pivot axis in a 
balancing state. For this purpose, it Is necessary that the 
weight be made of a material having a large specific grav- 5 
ity or the weight itself be large. However, a large weight 
cannot solve the conventional problem in that it hinders 
the work of the surgeon and his assistants. Further, a 
weight having a large specific gravity is rxrt proper 
because it is expensive. yo 

Although the conventional microscope unit can per- 
form tilting movement arourKi the observation points, its 
operation portion interferes with other instruments and 
obstructs the work of the surgeon and his assistants dur- 
ing surgery. Further, the microscope body requires a is 
large operation force to be moved and is very difficult to 
operate. 

The present invention was made under the above- 
mentioned circumstances and the object thereof is to 
provide a surgical microscope unit in which a balancing 20 
weight does not project even when the microscope unit 
is moved, and which is compact, has a small inertia and 
high stability and is operated by a small operation force. 

The surgical microscope unit according to the 
present inventk>n has a feature as defined in claim 1 . 25 

When a microscope body is moved three-dimen- 
sionaliy with the surgical miaoscope unit, the movement 
is transmitted from a first parallelogrammic linkage to a 
second parallelogrammic linkage through a first move- 
ment interlocking mechanism and a second movement 30 
interlocking mechanism. A countenveight provided on 
the second parallelogrammic linkage is moved in coop- 
eration with the movement of the microscope body and 
the angular moments due to the movements of the micro- 
scope body are always canceled out. It is possible to 3S 
make the second parallelogrammic linkage smaller than 
the first parallelogrammic linkaga Therefore, a small 
countePA/eight is sufficient 

According to the surgical microscope unit as defined 
in claim 1 . the balancing weight does not project and a 40 
small operating region is provided even when the micro- 
scope body is moved, the inertia and operation force are 
small, and stability is high. In other words, the micro- 
scope body does not Interfere with other instruments or 
obstruct the surgeon and his assistant during the surgi- 4S 
cal operation. This can greatly reduce fatigue of the sur- 
geon. 

According to the feature of claim 2. a movement con- 
trol mechanism limits the moving locus of an tilting rod, 
whereby the microscope body can be moved akmg a pre- so 
determined path. 

According to the features of claims 3 and 4, the mov- 
ing path of the tilting rod, i.e.. the moving path of the 
microscope body can be controlled easily and the control 
of the microscope body can be also done with ease. ss 

According to the feature of claims 5 and 6, the rrxive- 
ment transmitting mechanism has a simple structure and 
is used In an inexpensive surgical microscope unit. 



According to the feature of daim 7, the counter- 
weight can be made small to reduce inertia. 

According to the feature f claims, a mechanism for 
supporting th miaosoope body is not made large but 
made compact although the microscope unit is provided 
with a mechanism for tiifa'ng the microscope body around 
oljservation point, and the microscope unit can be' 
moved k3y a small force. In other words, the microscope 
body does not interfere with other instruments or obstruct 
the surgeon and his assistant during the surgical opera- 
tion. This can greatly reduce fatigue of the surgeon. 

The microscope body is permitted to rotate around 
a point con^esponding to a pivotal point of the tilting rod 
according to daim 9. and this point is set on the optical 
axis of an objective tens so as to be disposed at or in the 
vicinity of the focal position according to daim 10. 

According to the feature of claims 11 and 12. the 
nrx>ving path of the tilting rod. i.e.. the moving path of the 
microscope body can be controlled easily arxi the control 
of the miaoscope body can be also done with ease. 

This invention can be more fiilly understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIQ. 1 is a general side view of the whole of a sur- 
gical microscope unit according to a first embodi- 
ment of the present invention; 
FIG. 2 is a cross-sectional view of a part of the micro- 
scope unit including a pivot axis 01 as viewed in the 
direction of an arrow a in FIG. 1 ; 
FIG. 3 is a cross-sectional view of a part of the micro- 
scope unit including a pivot axis OS as viewed in the 
direction of an arrow b in FIG. 1 ; 
FIG. 4 is a detailed perspective view of a second par- 
allel linkage, a second tilting arm. an tilting rod and 
a movement control mechanism of the surgical 
microscope unit according to the first embodiment; 
FIQ. 5 is an illustrative view of a microscope body of 
the microscope unit and an electrical drcuit of the 
surgical microscope unit according to the first 
ernbodiment; 

FIGS. 6A and 6B are illustrative views showing the 
substantially horizontal movement of the micro- 
scope body according to the first embodiment; 
FIG. 7A and 76 are illustrative views showing the 
substantially vertical movement of the microscope 
kxxly according to the first embodiment; 
FIG. 8A and 8B are illustrative views showing the 
tilting movement of the microscope txxiy according 
to the first emiaodiment around a point on the obser- 
vation optical axis; 

FIG. 9 is an enleurged view of a movement transmit- 
ting mechanism of the surgical microscope unit 
according to the first ennbodiment; 
FIG. 1 0 is an enlarged view of a movement transmit- 
ting mechanism of the surgical microscope unit 
according to the first embodiment; 
FIGS. 1 1 and 1 2 are views showing the relationship 
between the center of the rotating microscope body 
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upon observing the deep portion of an object 
through an opening and the distance between the 
miaoscope body and the surface of the body of a 
patient to be observed; 

FIG. 13 is a general view of the who! of a surgical 5 
microscope unit using a movement transmitting 
mechanism according to another emixxliment; 
FIQ. 14 is an enleU'ged view of the upper portion of 
the movement transmitting mechanism of FIQ. 13: 
FIQ. 1 5 is a general side view of the whole of a sur- io 
gical microscope unit according to a second embod- 
iment of the present invention; 
FIG. 1 6 is a detailed perspective view of a movement 
controlling mechanism of the surgical microscope 
unit of the second embodiment: is 
FIG. 1 7 is a view showing a microscope body of the 
miaoscope unit and an electric circuit of the micro- 
scope unit according to the second embodiment; 
FIQ. 18 is an enlarged view of a movement control- 
ling portion of the surgical microscope unit accord- so 
ing to the second embodiment; 
FIQ. 19 is a general side view of the whole of a sur- 
gical microscope unit according to a third embodi- 
ment of the present invention: 

FIQ. 20 is a perspective view of a movement con- 25 
trolling mechanism of the surgical microscope unit 
of the third embodiment: 

FIG. 21 is a view of a microscope body of the surgical 
microscope unit and an electric circuit of the micro- 
scope according to the third embodiment: 3o 
FIG. 22 is an illustrative view of a balance adjusting 
mechanism of a microscope supporting arm of the 
surgical microscope unit according to the third 
embodiment; 

FIQ. 23 is a modeled view illustrating how to balance 3S 
the first and second parallelogrammic linkages of 
the surgical microscope unit according to the third 
embodiment; 

FIG. 24 is a modeled view illustrating how to balance 
inclination of the microscope body of the surgical 4o 
microscope unit according to the third embodiment: 
FIGS. 25A and 25B are views illustrating tilting 
movements of the microscope body of the surgical 
microscope unit according to the third embodiment 
around a point on an observation axis; 4S 
FIG. 26 is an illustrative view showing the general 
structure of the whole of a surgical microscope unit 
according to a fourth embodiment of the present 
invention; 

FIG. 27 is a general front view of a balance adjusting so 
mechanism of a microscope supporting arm accord- 
ing to the fourth embodiment: 
FIG. 28 is a general side view of the balance adjust- 
ing mecfianism of the microscope supporting arm of 
the surgical microscope unit: ss 
FIQ. 29 is a modeled view how to balance the first 
and second parallelogrammic linkages of the surgi- 
cal microscope unit; and 



FIG. 30 is a general front view of the balance adjust- 
ing mechanism of the microsc pe supporting arm o< 
the surgical microscope unit. 

A first embodiment of the present invention will b 
described with reference to FIGS. 1 to 1 0. 

(Structure) 

FIG. 1 shows a general structure of the whole of a 
surgical miaoscope unit according to the first embodi- 
ment of the present invention. A si^sporting unit of tiie 
microscope unit has a support 1 supported on a support- 
ing base 4 which comprises a bottom plate 4a having 
casters on its bottom surface and a stand 4b. The sup- 
port 1 is provided on the upper end portion of the stand 
4b so as to be rotatable around a vertical axis OO. A first 
parallelogrammic linkage 2 is connected to the upper 
portion of the support 1 , and a second parallelogrammic 
linkage 3 is connected to the lower portion of the support 
1. 

Thef irst parallelogrammic linkage 2 comprises arms 
2a to 2d anranged to form a parallelogram and connected 
together so as to be rotatable around pivot axes 01 to 
04 arranged parallel with each other. The linkage 2 is 
connected to the upper end portion of tiie support 1 by 
an upper supporting member 5 so as to be rotatable 
around the pivot axis 01 . The pivot axis 01 is perpen- 
dicular to the vertical axis OO. The second parallelogram- 
mic linkage 3 comprises arms 3a to 3d ananged to form 
a parallelogram and connected together so as to be 
rotatable around pivot axes OS to 08 anranged parallel 
with each other. The linkage 3 is connected to the lower 
end portion of the support 1 by a lower supporting mem- 
ber 6 so as to be rotatable around the pivot axis OS. The 
pivot axis OS is perpendicular to the vertical axis OO and 
is parallel witii the pivot axis 01 . The first parallelogram- 
mic linkage 2 suxl the second parallelogrammic linkage 
3 are separately provided on the upper and lower por- 
tions of the support 1. respectively, and ananged in a 
similarly corresponding relationship and perform simi- 
larly interiocking deforming movement tiirough a first 
interlocking mechanism and a second interiocking 
mechanism both being described later. 

The arm 2a of the first parallelogrammic linkage 2 
has an arm part bent at the lower end of the arm 2a 
through which the pivot axis 01 passes and projecting 
laterally from the arm 2a so that the body of the arm 2a 
and the arm part assume a generally L shape. The upper 
end of a first transmitting rod 7 is connected to the front 
end portion of the projecting arm part having a pivot axis 
013 parallel with the pivot axis 01 so as to be rotatable 
around the pivot axis 013. In a plane parallel with the 
paper surface of FIQ. 1 . a line connecting the pivot axis 
01 and the pivot axis 04 is perpendicular to a line con- 
necting the pivot axis 01 and the pivot axis 013 in this 
embodiment However, these lines are not limited to be 
an'anged orthogonally. The arm 3a of the second paral- 
lelogrammto linkag~ 3 similariy has an L shape. The 
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lower end of the first transmitting rod 7 is connected to 
the fr nt end portion of its projection arm part so as to 
be rotatabte around a pivot axis 014 parallel with the 
pivot axis 05. In a plane parallel with the paper surface 
of FIG. 1. a line connecting tiie pivot axis 05 and the s 
pivot axis 08 is similarly perpendicular to a line connect- 
ing the pivot axis 05 and the pivot axis 0 1 4 in this embod- 
iment. When, however, these lines are parallel with the 
arm part bent and projecting from the arm 2a of the first 
parallelogrammic linkage 2, the anrangement of the lines io 
is not limited thereto. 

In a plane parallel with the paper surface of FIG. 1 » 
the line connecting the pivot axis Ol and the pivot axis 

04 is always parallel with the line connecting the pivot 
axis 05 and the pivot axis 08, and lines connecting the is 
pivot axes Ol, OS. 014 and Ol 3 in turn form a parallel- 
ogram. 

In the embodiment, the arms 2a and 3a arxi the first 
transmitting rod 7 constitute a first interlocking mecha- 
nism for transmitting a rotational force and effecting inter- 20 
locking movement 

Similarly, the pivot axis 02 of the arm 2b of the first 
parallelogrammic linkage 2 is rotatably connected to the 
pivot axis OS of the arm 3b of the second parallelogram- 
mic linkage 3 by a second transmitting rod 8. in a plane 2S 
parallel with the paper surface of FIG. 1 , a line connect- 
ing the pivot axis Ol and the pivot axis 02 is an-anged 
to be always parallel with a line connecting the pivot axis 

05 and the pivot axis 06. In this embodiment, tiie arms 

2b and 3b and the second transmitting rod 8 constitute so 
a second interlocking mechanism for transmitting a rota- 
tkHial force and effecting interlocking movement 

On an end of the arm 2d of thef irst parallelogrammic 
linkage 2 is provided a connecting Islock 9 which is sup- 
ported rotatable around a pivot axis 09 arranged on a 35 
line which intersects with the vertical axis OO and con- 
nects the pivot axis 03 and the pivot axis 04 in a plane 
parallel with tiie paper surface of FIG. 1 . A third parallel- 
ogrammic linkage 10 is connected to the connecting 
block 9. In tiiis arrangement, arms 10a to lOe and the 40 
connecting block 9 are connected together so as to be 
rotatable around pivot axes 015 to 019, 031 and 032, 
thereby to torn a double parallelogrammic linkage, in 
this embodiment the connecting bk>ck 9 and the third 
parallelogrammic line mechanism 10 form a first tilting 4S 
arm 11 as an tilting mechanism wNch can tilt around two 
orthogonal pivot axes 09 and OlO. 

An observing optical axis of the microscope body 1 2 
coincides with a pivot axis O20 on a line connecting the 
pivot axis 01 7 with the pivot axis Ol 8 in a plane parallel so 
with the paper surface of FIG. 1. The microscope body 

12 Is supported by a mteroscope body supporting anm 

13 nwunted on a downward projecting portion of the arm 
lOe so as to be rotatable around the pivot axis 20. The 
microscope body 1 2 is rotatable around tiie three axes - ss 
the pivot axis 09. the pivot axis O20 and an imaginary 
pivot axis 01 0 perpendicular to the paper surface of FIG. 

1 and passing an intersecti n T1 of th pivot axis 09 and 
the pivot axis O20. The weight of the surgical microscope 



unit of this embodiment is distributed in such a manner 
tiiat the angular moments due to the own weight of the 
microscope unit around the pivot axis 09, the pivot axis 
01 0 and the pivot axis O20 are always zero. 

To a fixing base 20 fixed to the arm 3d of the second 
parallelogrammic linkage 3 is connected a rotary block 
21 which is supported rotatably around a pivot axis 021 
which is in a plane parallel with the paper surface of FIG. 
1 . intersects with the vertical axis OO and is parallel with 
tiie pivot axis 09. To the rotary block 21 is provided a 
seat 22 which is connected rotatably around the pivot 
axis 012 which is parallel with the pivot axis 01 0 and 
perpendicular to tiie pivot axis 021 . in tNs embodiment, 
tiie fixing base 20, the rotary block 21 and the seat 22 
constitute a second tilting arm 15 as an tilting mecha- 
nism. 

One end of a slide rod 23 is connected to the seat 
22. To the ottier end of the slide rod 23 is connected a 
joint 24 rotatable around a pivot axis 023 perpendicular 
to the pivot axis 012 in a plane parallel with the paper 
surface of FIG. 1. In tiiis einbodiment, the stide rod 23 
and the joint 24 constitute an tilting rod 25 as an tilting 
mechanism. The weight is distributed so that angular 
nfx>ments due to the own weight around the pivot axis 
021. ttie pivot axis 012 and the pivot axis 023 are 
always zero. 

A flexible movement transmitting member is pro- 
vided for directiy transmitting a tilting movement of the 
microscope body 12 around the pivot axes 09 and OlO 
to the tilting rod 25 as a tilting movement around the pivot 
axes 021 and 012 at the same ratio. A pulley 26a as a 
rotary member coaxial with the pivot axis 09 is provided 
on the connecting block 9 of the first tilting arm 1 1 . Erxis 
of wires 27a and 27b are wound on the pulley 26a at its 
opposite sides and are fixed to the pulley 26a. The lead- 
ing ends of the wires 27a and 27b are slidably inserted 
into flexible outer tubes 28a and 28b and guided thereby. 
One end portion of each of the outer tubes 28a and 28b 
is fixed to tiie arm 2d by a fixture 29a. The connecting 
block 9 is rotated by turning of the pulley 26a. 

Similarly, the rotary block 21 of the second tilting arm 
15 has a pulley 26b as a rotary member provided coax- 
ially with the pivot axis 021 . The other ends of the wires 
27a and 27b extending through the outer tubes 28a and 
28b are wound on tiie pulley 26b from the opposite sides 
tiiereof and fixed to tiie pulley 26b. The other ends of the 
outer tubes 28a and 28b are fixed to the fixing base 20 
by a fixture 29b. The rotary block 21 is rotated by turning 
of the pulley 26b. 

On the connecting block 9 and an ami 10b of the 
first tilting arm 1 1 is similarly provkJed a pulley 26c 8I6 a 
rotary member so as to be rotatable around a pivot axis 
032. Wires 27c and 27d are wound at their end portions 
on the pulley 26c from its opposite skies and the front 
ends of the wires 27c and 27d are fixed to the pulley 26c. 
The wires 27c and 27d are inserted into other flexible 
outer tubes 28c and 28d and guided thereby. The end 
porti ns of the outer tubes 28c and 28d are fixed to the 



5 



9 



EP0 700 665 A1 



10 



connecting blocks by af ixture 29c. The connecting block 
9 is rotated together with the pulley 26c. 

Similarly, a pulley 26d as a rotary memk)er is pro- 
vided coaxially with the pivot axis 012 on a seat 22 of 
the second tilting arm 15. The wires 27c and 27d are 
wound at their other ends from the opposite sides and 
their front ends are fixed to the pulley 26d. The end por- 
tions of th e outer tubes 28c and 28d are fixed to the rotary 
bloGk21 by af ixture 29d. The seat 22 of the second tilting 
arm 1 5 is rotated together with the pulley 26d. 

The wires 27a and 27b are wound on the respective 
pulleys 26a and 26b in such a way that, when either one 
of the pulleys 26a and 26b is rotated, the other pulley is 
rotated in the same direction as said one pulley. The 
diameters of the pulleys 26a and 26b are equal to each 
other so as to provide the same rotation of angle. 

Similarly, the wires 27c and 27d are wound on the 
respective pulleys 26c and 26d in such a way that, when 
either one of the pulleys 26c and 26d is rotated, the other 
pulley is rotated in the same direction as said one pulley. 
The diameters of the pulleys 26c and 26d are equal to 
each other so as to provide the same rotation of angle. 

In this embocBment, the pulleys 26a to 26d, the wires 
27a to 27d. the outer tubes 2da to 28d and the fixtures 
29a to 29d constitute a movement transmitting mecha- 
nism 57. Each of the wires 27a to 27d is a single flexible 
el ngated transmitting member extending through the 
respective one of the outer tubes 28a to 28d as guide 
m ans and is guided so as to reciprocate axially without 
occurring budding and/or flexure. Each of the wires 27a 
to 27d may be a single wire or a strand with or without a 
core. 

A vertical shaft 30 is supported on the base portion 
4a of the supporting base 4 so as to be rotatable arourvj 
a vertical axis 025. A fixing parallelogrammic linkage 31 
comprises arms 31a to 3 Id which are connected 
together so as to be rotatable around parallel pivot axes 
026 to 029 and connected to the vertical shaft 30 tsy a 
swing lever 32 provided rotatably around the pivot axis 
026. The pivot axis 026 is perpencficular to the vertical 
axis 025. The vertical shaft 30 is provided with an elec- 
tromagnetic brake for controlling (braking) its rotation 
around the vertical axis 025. A further electromagnetic 
brake which controls the rotation around the pivot axis 
026 and will be described later is provided on the arms 
31aand31bL 

One end of a rod 33 is connected to the upper end 
of the joint 24 of the tilting rod 25. The other end of the 
rod 33 is connected to an end of the arm 31 d of the fixing 
parallelogrammic linkage 31. The tilting rod 25 is in a 
plane parallel with the paper surface of FIQ. 1 and is con- 
nected to the respective portions on a line connecting 
the pivot axis 028 arxi the pivot axis 029. 

One end of the rod 33 is connected to the joint 24 of 
the tilting rod 25 so as to be rotatable around the pivot 
axis 024 perpendicular to the pivot axis 023. In this 
embodiment, the vertical shaft 30, the fixing parallelo- 
grammic linkage 31 , the swing lever 32, the rod 33 and 
the electromagnetic brake which will be described later 



constitute a movement controlling mecheinism 40. The 
weight of the movement controlling mechanism 40 is dis- 
tributed s that the angular moments due to the own 
weight of the mechanism 40 around the pivot axes 025, 

5 026 and O30 are eUways zero. 

As shown in FIQ. 1 , pivot axes 01. 04. 05. 08. 010 
and 012 are arranged in such a manner that a triangle 
formed by the pivot axes 01 , 04 and 01 0 is similar to a 
triangle fonned by the pivot axes 05. 08 and 012 in a 

10 plane parallel with the paper surface of FIQ. 1 and includ- 
ing the vertical axis OO. The ratio of similarity is: 

(A01, 04, O10) / (A5, 08, 012) o C 

IS where 0 is a constant 

The structure will be described in detail. In FIQ. 1, 
an electromagnetic brake 37a for electrically controlling 
the rotation of the support 1 with respect to the sifsport- 
ing t>ase 4 is provided on the supporting base 4. 

2o A first rotary rod 38 prcjecting from the connecting 
block 9 of the first tilting arm 1 1 is provided on a connect- 
ing portion between the first tilting arm 1 1 ax)6 the arm 
2d of ttie first parallelogrammic linkage 2. The first rotary 
rod 38 is inserted in a bearing provided in the arm 2d 

25 arxJ is rotatable around the pivot axis 09. An electiromag- 
netic brake 37d is provided on the arm 2d and electrically 
controls the rotation of the first rotary rod 38 witti respect 
to the arm 2d. 

An electromagnetic brake 37e is provided on the 

30 connecting block 9, and electrically controls the rotation 
of the arm 10a with respect the connecting bk)ck 9. 

An electromagnetic brake 37f is provided on the 
microscope supporting arm 13 and controls the rotation 
of the microscope supporting arm 1 3 with respect to the 

3S arm lOe. 

Refenring to FIQ. 2. a portion of the upper supporting 
member 5 will be described in detail. FIQ. 2 shows a 
ao88 section of a portion of the upper supporting mem- 
ber 5 including the pivot axis 01 , as viewed in tiie direc- 

40 tionAinFIQ. 1. 

An upper shaft 34 is supported on the upper sup- 
porting mennber 5 via a bearing 36a so as to be rotatable 
around the pivot axis 01 . The upper shaft 34 can be elec- 
trically controlled by the electromagnetic brake 37b pro- 

45 vided on ^e ipper supporting member 5. The arm 2a is 
supported on the outer periphery of the upper shaft 34 
by a bearing 36b so as to be rotatable around the pivot 
axis 01 . The arm 2b is fixed to a flange portion fbrmed 
on the upper shaft 34 by a set screw. 

so With reference to FIQ. 3, a part of the lower support- 
ing member 6 will be descrbed in detciil . FIQ. 3 is a cross- 
sectional view of a part including a pivot axis 05 as 
viewed in the direction of an arrow B of FIQ. 1 . 

A lower shaft 35 is supported on the lower support- 

55 ing member 6 by bearings 36c so as to t>e rotatable 
around the pivot axis 05. The lower shaft 35 is electri- 
cally controlled by an electromagnetic brake 37c pro- 
vided on the lower supporting memk>er 6. The anm 3a is 
fixed to the flange portion of the lower shaft 35 by a set 
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screw. The arm 3b is supported on the outer periphery 
of the lower shaft 35 by bearings 36d so as to be rotatable 
around the pivot axis 05. 

With reference to FIG. 4. the structures of the sec- 
ond parallelogrammic linkage 3, the second tiiting amn s 
1 5, the tilting rod 25 and the movement controlGng mech- 
anism 40 will be described in detail. 

In FIQ. 4, T2 Is an intersection of the pivot axes 012 
and 021 , and S2 is an intersection of the pivot axes 023. 
024 and O30. A screw shaft 41 is fixed to the arm 3d of io 
the second parallelogrammic linkage 3. A countenveight 
39a is supported on the screw shaft 41 so as to be mov- 
able in the axial direction. When the first parallelogram- 
mic linkage 2 cooperates with the second 
parallelogrammic linkage 3. the counterweight 39a acts is 
to distribute the weight so that angular moments around 
he pivot axes OO and 01 are always zera 

In the figure, a tilting rod driving portion 43 is pro- 
vided on the seat 22 and can electi-ically move the slide 
rod 23 of the tilti ng rod 25 in the direction of the pivot axis 20 
Q23. 44 indicates a tilting rod position detecting portton 
which calculates a linear distance R2 between T2 and 
S2 by detecting the amount of drive of the tilting rod driv- 
ing portion 43 connected to the tilting rod driving portions 

43. 25 

On the supporting base 4 is provided an electromag- 
netic brake 37g for electrically controlling the rotation of 
the vertical shaft 30 around the pivot axis 025 with 
respect to the supporting base 4. The arms 31 a and 31b 
constituting the fixing parallelogrammic linkage 31 are so 
respectively provided with electromagnetic brakes 37h 
and 371 fbr electrically controlling the arms 31a and 31b 
around the pivot axis 026 with respect to the swing lever 
32. 

To the arm 31a and the swing lever 32 are fixed aux- 3S 
iliary weights 42a and 42b for canceling out angulau' 
moments around the pivot axes 026 and 025. 

With reference to FIQ. 5, the structures of the micro- 
scope body 12 and the electric circuit will be described. 
An objective lens 50 Is provided on right and left obser- 40 
vation optical paths 51 R and 51 L comprising a zoom 
lens, a focusing lens and an ocular, not shown. The 
objective side focal length can be changed by varying 
the lens distances. The objective lens 50 is mechanically 
connected to an objective lens driving portion 52 and 4S 
adjusts the focal distance Objective lens position detect- 
ing means 53 such as an encoder is mechanically con- 
nected to the objective lens 50. T1 shouvs an intersectton 
of the pivot axes 09, 010 and O20 and P designates an 
intersection of the observation optical axis (i.e.. the pivot so 
axis O20) and the focal plane of the microscope body 
12, Rf indicates a linear distance between tiie points T1 
and P, and ff depicts a focal distance of the objective lens 
50. 

The objective lens driving portion 52 and tiie objec- ss 
five lens position detecting means 53 are connected to 
a control portion 54. The microscope body 1 2 is provided 
with a grip 55 which has a horizontal free switch SW1 , a 
vertical free switch S\A^. an all direction free switch SW3, 



a microscope body spherical surface tilting switch SW4, 
and a tilting center setting switch SW5 and the like. 
These switches are connected to the control p rtion 54. 
To the control portion 54 are connected tiie tilting rod 
driving portion 43 and a tilting rod position detecting por- 
tion 44. 

Connected to the oorrtrol portion 54 are the electa'o- 
magnetic brakes 37a and 37c ttirough a horizontal move- 
ment electromagnetic brake driving circuit 56a. tiie 
electromagnetic brake 37b through a vertical movement 
electXMtiagnetic brake driving circuit 56b. the electro- 
magnetic brakes 37d and 37e through a tilt electromag- 
netic brake driving circuit 56c, the electromagnetic brake 
37f through an optical axis rotating electromagnetic 
brake driving circuit 56d, and the electromagnetic brakes 
37g, 37h and 37i through a movement conf oiling mech- 
anism electromagnetic brake driving circuit 56e. 

(Operation) 

The operation of the surgical microscope unit of the 
first embodiment will be described. With tiiis surgical 
microscope unit, the three dimensional movements and 
tilting around the three orthogonal axes of the micro- 
scope body 1 2 (hereinafter referred to as the movements 
of six degrees of freedom), the movement in a substan- 
tially horizontal plane and the movement of a substan- 
tially vertical plane can be selected according to the 
types of surgery. The selection of them will be described 
in tum. 

[Movements of six degrees of freedom] 

When the all direction free switch SW3 of the grip 55 
is depressed, the conresponding signal is inputted to the 
control portion 54. Signals are outputted from the control 
portion 54 to the horizontal movement electromagnetic 
brake driving circuit 56a. the vertical movement electro- 
magnetic brake driving circuit 56b^ the tilt electromag- 
netic brake driving circuit 56c. the movement controlling 
mechanism electromagnetic brake driving circuit 56e 
and the optical axis rotation electromagnetic driving cir> 
cuit 56d, thereby to release the brake actions of all the 
electromagnetic brakes 37a, 37b. 37c, 37d, 37e, 37ff, 
39g. 37h and 37i. 

When the brake action of the elecf omagnetic brake 
37a is released, the support 1 becomes rotatable around 
ttie vertical axis OO with respect to the support base 4. 
Thus, the microscope body 12 becomes rotatable 
around the vertical axis OO witfi respect to the supporting 
base 4 through the first psualletogrammic linkage 2 and 
tiie first tilting arm 1 1 . 

Upon releasing the electromagnetic brake 37b as 
shown in FIQ. 2, the arm 2b becomes rotatable around 
tiie pivot axis 01 with respect to the upper supporting 
member 5 in such a manner that the arm 2d becomes 
rotatable around the pivot axis 04 with respect to the arm 
2a by maintaining tiie arm 2d parallel with the arm 2b. 
As a result, the microscope body 12 becomes rotatable 



13 



EP0 700 665A1 



14 



around the pivot axis 04 with respect to the arm 2a 
through the first tilting arm 1 1 . 

When an electromagn^c brake 37c as shown in 
FIG. 3 is released, the arm 3a becomes rotatable around 
the pivot axis 05 with respect to the lower supporting 5 
member 6. and the arm 2a connected by the first trans- 
mitting rod 7 becomes rotatabte around the pivot axis 01 
with respect to the upper supporting member 5. Then, 
the microscope body 12 becomes rotatable around the 
pivot axis 0 1 with respect to the upper supporting mem- io 
ber 5 through the first parallelogrammic linkage 2 arxl 
the first tilting arm 11. 

Combination of rotations in the three directions of 
the microscope body 12 allows the microscope body 12 
to move three-dimensionally. is 

Release of the electromagnetic brake 37d permits 
the first tilting arm 11 to rotate around the pivot axis 09 
with respect to the arm 2d. When the electromagnetic 
brake 37e is released, the arm 10a of the parallelogranr>- 
mic linkage 10 becomes rotatable around the pivot axis 20 
031 with respect to the connecting block 9, and the anm 
10 connected by the sums 10b to lOd can tilt arourxi 
the pivot axis O10 in a state in which the arm 10e is par- 
allel with the arm 10a. When the electromagnetic brake 
37f is released, the microscope txxiy 12 becomes rotat- 2s 
able around the pivotal axis O20 of the arm lOe through 
th microscope supporting member 1 3. Thus, the micro- 
scope body 12 becomes rotatabte around the intersec- 
tk)n T1 of the pivot axis 09 and the pivot axis O10. 

Since the brake actions of the electromagnetic so 
brakes 37g, 37h and 37i of the movement control mech- 
anism 40 are released, the vertical shaft 30 can be 
rotated around the pivot axis 025 with respect to support 
base 4 and the arms 31a and 31b of the fixing parallel- 
ogrammic linkage 31 can be rotated around the pivot axis 3S 
026 with respect to the swing bar 32. The rotation of the 
arm 31b around the pivot axis 026 with respect to the 
swing lever 32 is transmitted by the arm 31c to the arm 
31d as its rotation around the pivot axis 029 with respect 
to the arm 31a. As a result the rod 33 is rotated anourKi 40 
the pivot axis 029 with respect to the arm 31a and 
around the pivot axis O30 with respect to the arm 31 d. 
in this state, no elements control the movement of the 
microscope body 12. 

In other words, the movements of the microscope 4S 
body 1 2 have six degrees of freedom which are given by 
the three dimenstonal movements and tilting movements 
ar und the three axes. 

The action in corporation with the six degrees of 
freedom of the microscope body 1 2 will be described. As so 
the arm 2b is rotated around the pivot axis 01 with 
respect to the upper supporting member 5, the arm 3b 
connected to the second transmitting rod 8 is rotated 
around the pivot axis 05 with respect to the lower sup- 
porting member 6 in a state in which the arm 2b is always ss 
parallel with the arm 2b. The arm 3d connected by the 
arm 3c to the arm 3b always in a parallel state is rotated 
around the pivot axis 08 with respect to the arm 3a. In 



this condition, the anm 3d is always kept parallel with the 
eu'm2d. 

As the arm 3a is rotated around the pivot axis 05 
with respect to the lower supporting member 6, the arm 
3d is rotated around the pivot axis 05 with respect to the 
lower supporting member 6. The tilting rod 25 Is moved 
together with the arm 3d through the second tilting arm 
15. 

The arms 2a and 3a and the arms 2d and 3d are 
moved in a state in which the arms 2a and 3a are always 
kept parallel with the arms 2d and 3d. A triangle formed 
by connecting the pivot axes 01 . 04 and O10 in a plane 
parallel with the paper suriace of the drawing including 
the vertical axis 00 remains similar to a triangle formed 
by connecting pivot axes 05, 08 and 012. In this corKli- 
tion, the counterweight 39a supported by the arm 3d is 
moved to a position at which angular moments are 
always canceled out as the microscope 1 2 is moved. 

The movements of the related parts allow the micro- 
scope body 12 Io move at six degree of freedom in a 
state in whteh the angular moments are always canceled 
out. 

(Movements of a suk>stantially horizontal plane] 

Operation of the surgical microscope unit will 
described when the surgeon or the operator wants to 
move the microscope body 12 very often merely in the 
horizontal directions in the surgical operation of vertebra 
or the like. As the operator or the surgeon holds the grip 
55 and pushes the horizontal free switch 8W1, a signal 
is inputted to the control portion 54. Signals are outputted 
from the control portion 54 merely to the horizontal move- 
ment electromagnetic brake circuit 56a, the movement 
controlling mechcinism electromagnetic brake driving cir- 
cuit 56e and the optical axis rotating electromagnetic 
brake driving circuit 56d, and the brake actions of mere 
electromagnetic brakes 37a, 37c 37f, 37g, 37g. 37h and 
371 are released. 

When the electromagnetic brake 37a is released, 
the support 1 becomes rotatable around the vertical axis 
00 with respect to the supporting base 4. and the micro- 
scope body 12 becomes rotatak^le around the vertical 
axis 00 with respect to the floor through the first paral- 
lelogrammic linkage 2 arxl the first tilting arm 11. 

Upon releasing the electromagnetic brake 37c, the 
arm 3a becomes rotatable around the pivot axis 05 with 
respect to the lower supporting member 6, and the arm 
2a connected by the first transmitting rod 7 becomes 
rotatable around the pivot axis 01 with respect to the 
upper supporting member 5. Thus, the miaoscope body 
12 k>ecomes rotatable around the pivot axis 01 with 
respect to the upper supporting member 5 through the 
first parallelogrammic linkage 2 and the first tilting arm 
11. 

With the electromagnetic bral« 37f released, the 
microscope body 1 2 becomes rotatable around the pivot 
axis 020 with respect to the arm lOe through the micro- 
scope body SMpporting amn 13. 
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Since th electromagnetic brakes 37g to 37i are also 
released, the movement controlling mechanism 40 does 
not control the movement of the microscope body 12. 

In this condition, the electromagnetic brake 37b is 
fixed, and the rotation of the arm 2b of the first parallel- 
ogrammic linkage 2 about the pivot axis 01 with respect 
to the upper supporting member 5 is controlled so that 
the arm 2d always keeps a constant angle in a plane par- 
allel to the paper surface of the drawing. 

As shown in FIG. 6A, the arm 2d keeps its parallel 
state and is moved on an arc having a radius whose 
center is the pivot axis 01 and which is equal to a dis- 
tance R3 between the pivot axis 01 and the pivot axis 
04. 

The intersection T1 of the pivot axis 09 and the pivot 
axis 01 0 moves on an arc Z1 having a radius equal to 
the distance R3 between the pivot axes 01 and 04 and 
having a center Y1 on a straight line I passing the pivot 
axis 01 , parallel with the pivot axis 09 and separated by 
a distance between the pivot axis 04 and the pivot axis 
01 0 from the pivot axis 01 toward the microscope body 
12 in a plane parallel with the paper surface of the draw- 
ing. 

As the brake action of the electromagnetic brakes 
37d and 37e the first tilting arm 1 1 is fixed, the tilting 
movement of the microscope body 1 2 around the pivot 
axis 09 and the pivot axis O10 is controlled. Thus, the 
microscope txxiy 1 2 is moved on an arcuated locus with- 
out being tilted. 

Comk>inatk>n of this nrK)vement with rotatk>n of the 
support 1 around the vertical axis GO with respect to the 
supporting base 4 of the support 1 allows fbr the sut>- 
stantially horizontal movement. FIG. SB shows the state 
of the microscope body 12 moved rightward from the 
state in FIG. 6A. 

The microscope body 12 of this invention is moved 
on an arc in a substantially horizontal plane on the paper 
surface of the drawing, and thus the microscope body 1 2 
is moved up and down along the observation optk^l axis. 
Since, however, the distance of the horizontal movement 
is very small, this vertical movement can be neglected. 

[Substantial vertical movements] 

In case of surgical operation of a deep portion 
through an opening in neurosurgery or the like, ttie 
microscope body 12 is sometimes wanted to move 
quickly in the directions of the observation optical axis 
without displacing the field of vision in order to watch a 
portion of the surgeon's side and a deeper portion. In 
this case, the operator or the surgeon pushes the vertical 
movement free switch SW2 of the grip 55. Then, a signal 
is inputted to the conti'ol portion 54 and signals are out- 
putted merely to the vertical movement electromagnetic 
brake driving circuit 56b, the movement controlling brake 
driving circuit 56e and the optical axis rotating electro- 
magnetic brake driving circuit 56d. The braking action of 
merely the electromagnetic brakes 37b, 37g, 37h, 37i 
and 37f is released. 



When the lectromagnetic brake 37b is released, 
tiie arm 2b bee mes rotatable around the pivot axis 01 
with respective to the upp r supporting member 5, and 
the arm 2d becomes rotatable around the pivot axis 04 

6 with respect to the arm 2a through the arm 2c In a state 
in which the arm 2d remains parallel with the arm 2b. 
Therefore, the microscope body 12 becomes rotatable 
around the pivot axis 04 with respect to the arm 2a 
through the first tilting arm 1 1 . 

10 When tiie electromagnetic brake 37f is released, the 
microscope body 12 is made rotatable around the pivot 
axis O20 with respect to the arm 1 0e through the micro- 
scope body supporting mennber 13. 

Because the electromagnetic brakes 37g to 37i are 

15 also released, the movement controlling mechanism 40 
can follow any movement of S caused by the movement 
and the tilting of the tilting rod 25. 

In this condition, the tilting of the microscope body 
12 around the pivot axis 09 and the pivot axis O10 is 

20 controlled similarly to the movement in the substantially 
horizontal plane. The electromagnetic brake 37c is in a 
fixed state, and the rotation of the arm 3a of the second 
parallelogrammic linkage 3 around the pivot axis 01 is 
controlled. The rotation of the arm 2a of the first paral- 

25 lelogrammic linkage 2 connected to the first transmitting 
rod 7 around the pivot axis 05 is also fixed. 

As shown in FIG. 7A, therefore, the arm 2d can be: 
rotated merely around the pivot axis 04 in a plane par- 
allel with tiie paper surface of the drawing. The irrtersec- 

30 tion T1 of the pivot axis 09 and the pivot axis O10 can 
be moved merely on an arc 22 whose center is on the 
pivot axis 04 and which has a radius equal to the dis- 
tance R4 between the pivot axis 04 and the pivot axis 
O10. FIG. 76 shows the state of the microscope body 

35 12 moved downward from the state in FIG. 6 A. 

The microscope body 12 of this invention is moved 
on an arc in the upward and downward directions, and 
thus the ok>servation field of vision is displaced due to 
tilting of the observation optical axis. Since, however, the 

40 distance of the vertical movement required in surgical 
operation is very small, this displacement of the field of 
vision can be neglected. 

noting around a point on the observation optical axis] 

45 

When the microscope txxJy spherical surface tilting 
free switch SW4 on of the grip 55 is pushed, a signal from 
the switch SW4 is inputted to the control portion 54, and 
signals are oulputted merely horizontal movement elec- 

60 tromagnetic brake driving circuit 56a, the vertical move- 
ment electa'omagnetic brake driving circuit 56b, the tilt 
electromagnetic brake driving circuit 56c and the optical 
axis rotating electromagnetic brake driving circuit 56d, 
whereby merely the brake action of the electromagnetic 

55 brakes 37a, 37b. 37c, 37d, 37e and 37f is released. From 
the standpoint of the six degrees of freedom as men- 
tioned above, only the electromagnetic brake 37g, 37h 
and 37i are in a fixed state. 
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As shown in FIG. 8 A, the m vement of th point S2 
of the tilting rod 25 is restricted, and the tilting rod 25 can 
tin merely around S2. The point T2 moves on a spherical 
surface having a radius equal to a distance R2 between 
S2 and T2. The movement of the point T2 is transmitted 
in the similar manner as in the case of the arm action 
described before, and the intersection T1 of the pivot 
axes 09 and O10 is moved in the opposite direction by 
a distance equal to the moving distance of the intersec- 
tion T2 multiplied by C which is the constant of the ratio 
between the above-mentioned similar triangles. 

The tilting movement of the lilting rod 25 is transmiV 
ted to the microscope body 1 2 by the movement trans- 
mitting mechanism 57 employing the flexible wires 27a 
to 27d, thereby causing a relative movement of the 
microscope body 12. The operation will be descrtoed 
with reference to FIGS. 1 and 4. 

As the tilting rod 25 is rotated arourxl the pivot axis 
012, the pulley 26d provided integrally with the seat 22 
of the second tilting arm 1 5 is rotated integrally therewith. 
As a result, either one of the wires 27c and 27d Is pulled 
in accordance with the rotational direction of the pulley 
26d. The pulled wire has both ends fixed to the rotary 
block 21d and the connecting blocks respectively by the 
fixture 29d and the fixture 29c. and slides in either one 
of the outer tube 28c and the outer tube 28d whose 
movement in the direction along the wire is restricted so 
that the pulled wire rotates the pulley 26c provided inte- 
grally with the arm 10b of the first tilting amn 11 In the 
same direction at the same angular speed as the pulley 
26d. On the other hand, the not-pulled wire transmits the 
rotation of the pulleys 26d and 26c in a one-to-one rela- 
tion without play. The rotation of the arm 1 0b is transmit- 
ted as rotation of the arm lOe around the pivot axis O10 
by the parallelogrammic linkage 10. Thus, the micro- 
scope body 12 is rotated around the pivot axis O10 in 
the same direction at the same angular speed as the seat 
22 tilts around the pivot axis 012. 

As tiie tilting rod 25 is rotated around the pivot axis 
021, the pulley 26b provided on the rotary block 21 of 
the second tilting arm 15 is rotated integrally therewith. 
Either one of the wires 27a and 27b is pulled in accord- 
ance with the rotational direction. The pulled wire has 
both ends fixed to the rotary fixing base 20d and the ami 
2d respectively by the fixture 29b and the fixture 29a, and 
slides In eittier the outer tube 28a or the outer tube 28b 
whose movement in the direction atong the wire is 
restricted so that the pulled wire rotates the pulley 26a 
arranged integrally with the connecting block 9 of the first 
tilting arm 1 1 in the same direction at the same angular 
speed as the pulley 26b. On the other hand, the not- 
pulled wire transmits the rotation of the pulleys 26b and 
26a in a one-to-one relation without play. Thus, the 
microscope body 12 is rotated around the pivot axis 09 
in the same direction at the same angular speed as the 
rotary block 21 tilts around the pivot axis 021 . 

In this connection, the pivot axis 023 of the tilting 
rod 25 is always maintained in parallel with the pivot axis 



O20 coaxial with the observation optical axis of the arm 
10e. 

In consequence, as shown in FIG. 8A, the micro- 
scope body 12 becomes rotataUe around a point SI as 
6 a center separated by a distance R2 x C a Ri from T1 
on tiie pivot axis 020 coaxial with the observation optical 
axis. FIG. 8B shows a state in which the microscope 
kxxJy 12 is tilted rightward from the state shown in FIG. 
8A. 

10 When the tilting center point setting switch SW5 is 
pushed, an objective lens |x>sition signal from the ot^ec- 
tive lens position detecting potion 53 and a tilting rod 
position signal from the tilting rod position detecting por- 
tion 44 are inputted to the control portion 54. In the con- 

15 trol portion 54. the distance Rf between T1 and the point 
P on the observation optical axis on tiie focal surface of 
the microscope body 12 is calculated from the objective 
lens position signal, and the distance R2 between T2 and 
82 is calculated from the tilting rod position signal. A 

20 value R2 X C = R1 (C being a similarity ratio of the tri- 
angles) and Rf are compared. A driving signed which 
moves ttie tilting rod 25 for equalizing the bath values is 
inputted to the tilting rod driving portion 43. In the tilting 
rod driving portion 43. a motor (not shown) is rotated to 

25 move the slide rod 23 of the tilting rod 25 by a required 
distance on the pivot axis 023 in the required direction 
through a reduction device (not shown). 

VJhWe the driving signal is being outputted to the tilt- 
ing rod driving portion 43. a starting signal is outputted 

30 from the control portion 54 to the movement controlling 
mechanism electromagnetic brake driving circuit 56e. In 
this condition, the brake action of the electromagnetic 
brakes 37g, 37h and 37i are released but the other elec- 
tromagnetic brakes 37a to 37f are fixed. 

35 According to this operation, the surgeon or the oper- 
ator causes a point, which he wants to select as a tilting 
center point of the microscope body 12. to coincide with 
the center of the olaservation field of vision and mates 
the point coincide with the focus (P in FIG. 5) by changing 

40 the focal length of the objective lens 50 by means of a 
switch (not shown). Thereafter, the tilting center point 
setting switch SW5 is pushed. Then, SI is moved so as 
to coincide with P and tiie tilting center point of the micro- 
scope l30dy 12 is automatically set to the required posi- 

45 ton. 

(Technical effects of the embodiment) 

This embodiment is constituted not by a single par- 
se allelogrammic link mechanism but by the separate first 
and second parallelogrammic linkages 2 and 3. one 
being disposed above the other one. Thus, the sup- 
ported second parallelogrammic link mechanism 3 and 
the counterweight 39a which project when the micro- 
55 scope body 1 2 moves can be provided closer to the floor 
than the single paralletogranrunic link mechanism as 
described above. In other words, the portion over the 
pivot axis 05 can be made compact so that a larg e space 
which is required for surgery can be obtained. 
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Sine the counterweight 39a is disposed below, the 
center of gravity of the whole syst m is also lowered, 
whereby stability is increased and safety is enhanced. 

Due to the fad that the projected length of the sup- 
port 1 at the pivot axis 01 can be nnade shorter than the 6 
case in which a single paralieiogramniic linl^ mechanism 
is employed, the inertia moments of the moving portions 
can be reduced so that the moving portions operate 
lightly. 

The first interconnecting mechanism and the second io 
interlocking mechanism which interlock the nnovements 
of the first parallelogrammic linkage 2 smd the secorKi 
parallelogrammic linkage 3 are constituted by the arms 
2a and 2b and the first transmitting rod 7 and by the arms 
2b and 3b and the second transmitting rod 8. respec- is 
tively. The mechanisms, therefore, do not exhibit play, 
which causes displacement of the field of vision, and 
have rigidity. Thus.they allow the moment of the first par- 
allelogrammic linkage 2 to interlock with the movement 
of the second parallelogrammic linkage 3. Further, their 20 
structure is simple. 

The movement transmitting mechanism 57 com- 
prises the pulleys 26a to 26d, the wires 27a to 27d, the 
outer tubes 28a to 28d and the fixtures 29a to 29d. Thus, 
the movement transmitting mechanism 57 is light in 2s 
weight and compact. This structure has the merits that 
the force (inertia) for moving the microscope body, for 
example, is smaller than the linkage formed by connect- 
ing links together in turn and the whole weight of the sur- 
gk»l microscope unit can be reduced. 30 

Since thef irst tilting arm 11 is constituted by the par- 
allelogrammic linkage 10, the angular moments around 
the pivot axis 09 and the pivot axis O10 produced when 
the microscope body 12 is connected to the first tilting 
arm 1 1 are canceled out by the arms of the first tilting 35 
arm 1 1 . The movement transmitting member transmits 
mere displacement of tilting of the microscope body 12 
and the tension due to the angular moments are not 
applied to the wire. Thus, friction between the wires and 
the outer tubes is small and the force for tilting the micro- 40 
scope body 12 is small. Even if the wires 27a to 27b are 
broken, no angular moment is produced in the micro- 
scope body 12. Thus, surgery can be continued in this 
condition. 

When the deep portion of an opening whose open 4S 
edge is taken as the tilting center point is observed with 
a stand device having an inclinable microscope body 
without moving the ot}serving point as disclosed in Jpn. 
Pat. Appln. KOKAI Publication Na 5-168648. the micro- 
scope body 1 2 is moved to a position at which the tiHing so 
center point 81 separated by a distance Rp from ttie 
microscope body 12 toward the object is positioned at 
the center of the opening, and the focus is made to coin- 
cide with the observation point M of the deep portion. 

When, however, the microscope body 1 2 is intended ss 
to be tilted eu-ound the ok>servation point M of tiie deep 
portion as a center as shown in FIG. 12, the distance R|3 
from the microscope body 12 to the tilting center point 
SI is fixed. Thus, the distance W between the micro- 



scope body 12 and the body surface is shortened and 
ttie operability for an operator wHh an operating tool is 
greatly deteriorated. 

In case where the microscope body is changed from 
ttie state of FIG. 1 1 to the state of FIG. 12 during surgical 
operation, the surgeon or the operator must move the 
microscope body 1 2 in order to move the tiKing center 
point 81 of the microscope body 12. It is very cumber- 
some for the surgeon to operate the miaoscope body 1 2. 

On the other hand, this embodiment has a tilting rod 
driving portk)n 43 in which the intersection S2 of the pivot 
axes 0 1 2, 02 1 and 023 is nxyvable on the pivot axis 023. 
Thus, the tilting center point SI of tiie microscope body 
1 2 becomes movable to an aibitrary point on the ok>ser- 
vation optical axis with respect to the microscope txxiy 
12 by moving the tilting rod driving portion 43 without 
changing the position of the microscope body 12. It is 
accordingly possible to change the tilting center point Si 
of the microscope body 12 without varying the distance 
W between the microscope body 12 and the body sur- 
face of a patient, and the operability according to the con- 
dition of surgery is not deteriorated. 

Further, this embodiment is provided witti the objec- 
tive lens position detecting portion 53. the tilting rod posi- 
tion detecting portion 44. an objective lens driving 
portion 52, a tilting rod driving portion 43 in which the 
intersection 82 of the pivot axes 012. 021 and 023 is 
displaceable on the pivot axis 023. and a control portion 
54 to which signals are inputted from tiie objective lens 
position detecting portion 53 and the tilting rod position 
detecting portion 44 and from which signals fbr moving 
ttie tilting rod 25 by a required distance is outputted to 
the tilting rod driving portion 43. In this arrangement, the 
tilting center of the microscope body 12 is set automati- 
cally when the surgeon or the operator makes a point of 
the portion, which he wants to set as a center, coincide 
with the center of the field of vision arxi makes the focus 
coincide witti the point enter. Then, he merely pushes 
ttie tilting center point setting switch SW5. In conse- 
quence, the tilting center point SI can be set to the 
required position accurately and easily, and no cumber- 
some operation is needed. In addition, the surgical time 
is shortened and fatigue of the surgeon or the operator 
is reduced. 

With the microscope unit described in Jpn. Pat. 
Appln. KOKAI Publication No. 5-1 68648, ttie microscope 
body can be tilted around a point as a center tHJt the focus 
cannot be displaced horizontally without displacing the 
focus during surgical operation, or the microscope body 
cannot be moved in the axial direction quickly without dis- 
placing the field of vision during surgical operation. 

The surgical microscope unit according to this 
embodiment which is supported by parallelogrammic 
linkages comprises the support 1 fbr rotatatsly supporting 
the first parallelogrammic linkage 2 on the vertical axis 
00, the first parallelogrammic linkage 2 having the arms 
2a and 2b and pivoted on the support 1 around the pivot 
axis 01 , the electromagnetic brake 37a for controlling the 
rotatton of the support 1 , the electromagnetic brakes 37c 
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and 37b lor controlling the rotation of the arms 2a and 
2b ar und the pivot axis 01 . and the control portion 54 
operated by interlocking the electromagnetic brakes 37a 
and 37c and operating the electromagnetic brake 37b 
independently. Thus, the microscope body can be not 
only tilted around the observation optical axis but also 
moved substantially horizontally and substantially verti- 
cally, whereby high versatility of surgery is attained and 
fatigue of the surgeon or the operator is reduced. 

In the control unit described in Jpn. Pat. Appln. 
KOKAI Publication No. 5-21 5972. the movement control- 
ling mechanism comprises a sliding unit which can be 
locked electrically, and locking means. The locking 
means has two arms movable around the vertical axes 
in a horizontal plane. When the floor surface, i.e., the 
base legs and the whole control unit incline, the pivot 
axes for connecting the two arms are tilted so that the 
arms are automatically moved by their own weight. In this 
arrangement, the arms for supporting the microscope 
body is unbalanced and a large operating force Is 
required in order to move the microscope body. Upon 
rel asing the locking element, the field of vision is dis- 
placed due to th e unbalance and the surgeon or the oper- 
ator cannot concentrate his attention on surgery. 

In the embodiment, the movement controlling mech- 
anism 40 comprises the vertical shaft 30 rotatable 
around the pivot axis 025. deformable fixing parailelo- 
grammic linkage 31 rotatably supported on the pivot axis 
026 perpendicular to the vertical axis 025 and con- 
nected to the vertical shaft 30 through the swing lever 
32, and the rod 33 connected to the arm 31 d of the fixing 
parallelogrammic linkage and rotatable around the pivot 
axis O30 so that the angular moments around the verti- 
cal axis 025, the pivot axis 026 and the pivot axis O30 
ar canceled out. In this arrangement, therefore, no 
angular moments are produced around the pivot axes 
and the above-mentioned problems do not occur. In this 
connection, the surgeon or the operator can concentrate 
his attention on surgery. 

FIGS. 13 and 14 show a movement transmitting 
mechanism 157 of another embodiment for transmitting 
th movements of the microscope body 1 2 around the 
pivot axes 09 arxl O10 to the tilting rod 25. 

As shown in FIG. 13, the upper portion and the tower 
portion of the movement fransmitting mechanism 157 of 
this embodiment are symmetrical witti each other. Thus, 
the upper portion will be described chief ly- 

As sho¥vn in FIG. 14. the movement transmitting 
mechanism 157 for transmitting the rotating movement 
of the microscope body 1 2 around the pivot axis 09 com- 
prises a pulley 1 20 fixed to the connecting block 9 coax- 
ially with the pivot axis 09. a pulley 121 rotatably 
connected to the arm 2d coaxially witti the pivot axis 04 
perpendicular to ttie pivot axis 09. a flexible wire 122 
wound on the pulleys 120 and 121, and idling pulleys 
123a and 123b for changing the directions of the wire 
122 between the two pulleys 120 and 121 whose axes 
intersect perperxliculariy. 



The pulley 120 together with the connecting block 9 
is rotatably mounted on a hollow cylindrical extension 
124 projecting from the arm 2d. The pulleys 123a and 
1 23b are rotatably provided on an L-shaped kuracket 1 25 
5 fixed to tiie arm 2d. and tiie movement of the pulley 1 20 
is smoothly transmitted to the pulley 1 21 through the wire 
122. 

A pulley 126 is rotatably provided on the lower por- 
tion of the arm 2a coaxially with the pivot axis 01 . A belt 

10 127 iswoundonthe pulley 121 and 126provkledonthe 
upper and lower end portions of tiie arm 2a. 

As shown in FIG. 13. the k)wer portion off the move- 
ment transmitting mechanism 157 has the similar struc- 
ture to the upper portion tiiereof. The rotattonai 

15 movement is transmitted through a belt 1 28 from the pul- 
ley 126 to a pulley provided on the pivot axis 05 on ttie 
lower end portion of the support 1 . In the similar way to 
the upper portion, the movement is transmitted from the 
pulley provided on the pivot axis OS to the tilting rod 25 

20 through a pulley provided on the pivot axis OS and a belt. 
The parts of the lower portion are designated by refer- 
ential signs given to the corresponding parts of the upper 
portion plus dashes " * and detailed description thereof 
is omitted. 

25 As the microscope body 1 is rotated around the pivot 
axis 09 as tiie center, ttie connecting block 9 is rotated, 
too. The rotational angle is transmitted from the pulley 
120 to the pulley 121 through a wire 122 and then to ttie 
pulley 126 tiirough ttie belt 127. The movement is trans- 

30 mitted from ttie pulley 126 to tiie tilting rod 25 by a belt 
1 28 through the lower portion of the movement transmit- 
ting mechanism 157. 

The movement transmitting mechanism 1 57 of this 
embodiment has a slide shaft 130 extending along the 

35 pivot axis 09 in order to transmit the rotation around the 
pivot axis O10 of the microscope body 12 (see FIG. 1) 
as ttie center to the tilting rod 25. The slide shaft 130 is 
slidably guided along the pivot axis 09 by a linear guide 
131 provided in tiie extension 124 of the arm 2d. The 

40 outer end off the slkie shaft 1 30 is pivoted on a connecting 
rod 1 32 having one end pivoted on the arm 1 0b. The slide 
shaft 130 and the connecting rod 132 move in a plane 
parallel with the third parallelogrammic linkage 1 0. Affirst 
slider crank mechanism comprises the slider shaft 130. 

45 the arm 1 0b and the connecting rod 132. 

As shown in FIG. 1 4, an end portion of the slkfe shaft 
130 which is provided in the extension 124 is connected 
to a push rod 1 34 by a bearing 1 33 so as to be rotatable 
around the pivot axis 09. An extension 134a extends 

60 perpendicularly from the end portion off the push rod 1 34 
projecting outwcird from the extension 124. 

A pulley 1 35 is provided coaxially with the pivot axis 
04 passing ttie pivotal portion of the arms 2a and 2d of 
the first parallelogrammic linkage 2. A lug 136 projects 

55 from the pulley 1 35. The front end portion of the lug 1 36 
and the front end portion of ttie extensk>n 134a of the 
push rod 1 34 are pivoted on a connecting rod 1 37. A sec- 
orxS slider crank mechanism comprises ttie push rod 
134. the lug 136 and ttie connecting rod 137 and moves 
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in a plane parallel with the first parallelogrammic linkage 
2. 

T the lower end portion of the arm 2a is rotatably 
connected a pulley 139 coaxial with the pulley 126. A belt 
140 is wound on the two pulleys 135 and 139 provided s 
on the upper end portion and the lower end portion of 
the arm 2a. respectively. The movement of the pulley 1 39 
is transmitted to the lower portion of the movement trans- 
mitting mechanism 157 through a belt 141. The parts of 
the lower portion are designated in FIG. 1 3 by referential io 
signs given to the corresponding parts of the upper por- 
tion plus dashes " ' and detailed description thereof is 
omitted. 

As flie microscope body 12 is rotated around the 
pivot axis O10, the arm 1 0b of the third parallelogrammic is 
linkage 10 is rotated around the pivot axis 032. The rota- 
tional movement of the arm 10b is converted Into linear 
movements of the slide shaft 130 and the push rod 134 
by the connecting rod 132. The linear movement of the 
push rod 1 34 is converted into a rotational movement of 20 
the pulley 135 by the connecting rod 137. and tills rota- 
tional movement is transmitted to the lower portion of the 
movement transmitb'ng mechanism 157 through a belt 
1 40, a pulley 1 39 and a belt 141 so as to rotate the tilting 
rod 25 around the pivot axis 01 2. 2s 

Since the bearing 133 is provided between the slide 
shaft 1 30 and the push rod 1 34, the rotational movement 
of the connecting rod 9 is not transmitted to the push rod 
1 34 even when the connecting block 9 is rotated around 
the pivot axis 09. Thus, the movement of the first slider 30 
crank mechanism cornprising the arm 1 0b, the connect- 
ing rod 132 and the slide shaft 1 30 does not interfere wttii 
the movement of the secorxJ slider crank mechanism 
comprising the push rod 134. the connecting rod 1 37 and 
the pulley 135. The first and second slider crank mech- 3$ 
anisms can move around the pivot axis 09 independ- 
entiy from each otiier. 

A second embodiment of the present invention will 
be described with reference to FIGS. 1 5 to 18. 

40 

(Structure) 

FIG. 1 5 shows a general structure of the whole of 
the surgical microscope unit according to the second 
embodiment. This unit has a second parallelogrammic 4S 
linkage 3. a movement controlling mechanism 40 and 
electrical anangements for them which are different from 
those of the first embodiment. 

A supporting base 4. a support 1, a first parallelo- 
grammic linkage 2. an upper supporting member 5 arKi so 
a lower supporting member 6 have the same structures 
as those of the first embodiment. 

A second parallelogrammic linkage 3 comprises four 
arms 3a to 3d connected together so as to be rotatable 
around parallel pivot axes 05 to 08. The arm 3a extends ss 
toward ttie opposite side of the pivot axis 08 with respect 
to the pivot axis 05. The arm 3a is on the straight line 
passing the p'rvot axis 05 and the pivot axis 08. An arm 
3e is connected, at a portion opposite to tiie pivot axis 



08 with respect to the pivot axis 05, to the front end of 
tills extended portion so as to t3e rotatable around a pivot 
axis O50 parallel with th pivot axis 05. An arm 3c 
extends toward the opposite side of the pivot axis 07 with 
respect to the pivot axis 06 and is on a straight line pass- 
ing the pivot axis 06 and the pivot axis 07. The arm 3e 
is connected, at a portion opposite to the pivot axis 07 
with respect to the pivot axis 06. to the front end of the 
extended portion so as to be rotatable around a pivot axis 
051 parallel with the pivot axis 06. A line connecting the 
pivot axis 05 and the pivot axis 06 is parallel witti a line 
connecting the pivot axis O50 and the pivot axis 051 in 
a plane defined by the parallelogrammic linkage which 
is parallel with the paper surface of the drawing. The arm 
3d is disposed in a position turned tjy 1 80 degrees from 
the position of the arm 3d of the first embodiment A 
counterweight 39a Is connected to the arm 3e in a similar 
way to the arrangement of the first embodiment 

A first interlocking mechanism and a second inter- 
locking mechanism of the second embodiment comprise 
arms 2a and 3a, a first transmitting rod 7 and arms 2b 
Eind 3b and a second transmitting rod 8, respectively, 
similarly to tiie first embodiment. 

A first tilting arm 1 1 constituted by a parallelogram- 
mic linkage 10 arxi a movement transmitting mechanism 
57 have the same structures as those of the first emt>od- 
iment 

A second tilting arm 15 connected to the arm 3d 
which is turned by 180 degrees from the position of that 
of the first embodiment. The second tilting arm 1 5 has a 
tilt driving portion 102a provided on a fixing k>ase 20 for 
electrically rotating the rotary Islock 21 around the pivot 
axis 021 , and an electromagnetic clutch 101a provided 
on the fixing base 20 for electrically connecting the tilt 
driving portion 102a to or disconnecting the same from 
the rotary block 21 in addition to the elements of the sec- 
ond tilting arm of the first embodiment. 

On the rotary block 21 are provided a tilt driving por- 
tion 102b electrically rotated around the pivot axis 012, 
and an electromagnetic clutch 101b for electrically con- 
necting the tilt driving portion 102b to or disconnecting 
the same from the seat 22. 

The tilting rod 25 has the same structure as that of 
the first embodiment 

As shown in detail in FIG. 16, a fixing parallelogram- 
mic linkage 31 is connected to a vertical shaft 30 sup- 
ported on the supporting base 4 so as to be rotatatsle 
around the vertical axis 025. The fixing parallelogram- 
mic linkage 31 comprises arms 31a to 31d connected 
togetiier so as to be rotatable around the parallel pivot 
axes 026 to 029 and is connected to the vertical shaft 
30 through a swing bar 32 so as to be rotatable around 
the pivot axis 026. The pivot axis 026 and the vertical 
axis 025 intersect with each otiier at right angles. 

An L-shaped arm 81 is rotatably supported on the 
arm 3 Id around tiie pivot axis 030 in a plane including a 
vertical axis 025 and parallel with the paper surface of 
the drawing. A U-shaped arm 82 Is supported on the L- 
shaped arm 81 so as to be rotatable around a pivot axis 
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052 intersecting at right angles with the pivot axis O30 
and is also rotatable around a pivot axis 053 intersecting 
at right angles with the pivot axis 052. The U-shaped 
arm 82 is connected to the joint 24 of the tilting rod 25 
through connecting means slidable along the pivot axis 

053 as will be described later so as to be rotatable 
ar und the pivot axis 024. 

A movement controlling mechanism 40 of the sec- 
ond embodiment comprises the vertical shaft 30. the fix- 
ing parailelogrammic linkage 31, a swing bar 32. a rod 
33, the L-shaped arm 81 , the U-shaped arm 82, connect- 
ing means which will be described later, an electromag- 
netic brake which will be described later, angle detecting 
means which will be described later and a driving portion 
which will be described later. The weight of the move- 
ment controlling mechanism 40 is distributed so that the 
angular moments around the pivot axes 025, 026. 030, 
052 and 053 due to its own weight are always canceled 
out. 

Although differently directed in this embodiment 
from the case in the first embodiment, the pivot axes 01 . 
04. 05. 08, 01 0 and 01 2 are an^anged in such a manner 
that a triangle defined by connecting the pivot axes 01. 
04 and O10 in a plane including the vertical axis OO and 
parallel with the paper surface of the drawing is similar 
to a triangle defined by connecting the pivot axis 05, 08 
and 012 on the same plana The similarity ratio is given 
by: 

(A01. 04, O10)/(AO5. 08, Ol2) = 0 

where Gis a constant. 

Each part will be described in detail. In FIG. 15, ref- 
erences 37a, 37d, 37e and 37f are electromagnetic 
brakes connected in a similar way to those of the first 
embodiment. 

An upper supporting member 5 has a similar struc- 
ture to that of the first embodiment shown in FIQ. 2 and 
is provided with an electromagnetic brake 37b for elec- 
trically controlling the rotation of the arm 2b around tiie 
pivot axis 05 with respect to a lower supporting member 
6. 

A lower supporting member 6 has a similar structure 
to that of the first embodiment shown in FIQ. 3 arxi is 
provided with an electromagnetic brake 37c for electri- 
cally controlling tiie rotating of the arm 3a around the 
pivot axis 05 with respect to the lower supporting mem- 
ber 6. 

Microscope body angle detecting means 105 such 
an encoder is provided on the arm 10e of the first tilting 
arm 1 1 and is used for detecting the rotational angle of 
a microscope body supporting ami 13 around the pivot 
axis O20 witti respect to the arm 106. 

The movement controlling mechanism 40 will be 
described in detail witti reference to FIG. 16. 

The vertical shaft 30 is provided with an electromag- 
n tic brake 37g for electrically controlling the rotation of 
the vertical shaft 30 around the pivot axis 025 with 
respect to the supporting i>ase 4. A driving portion 84a 



for electrically driving the vertical shaft 30 around the 
pivot axis 025 with respect to the supporting base 4 is 
provided on ttie supporting base 4 ti^rough an electro- 
magnetic brake 37g. 85a denotes angle detecting means 

5 85a such as an encoder for detecting a rotational angle 
of the vertical shaft 30 around the pivot axis 025 with 
respect to the supporting base 4. The arms 31a and 31b 
constituting the fixing parailelogrammic linkage 31 are 
provided with electromagnetic brakes 37h and 37i for 

fo electrteally controlling the rotation of the arms 31a and 
31b around the pivot axis 026 with respect to the swing 
lever 32. Driving portions 84b and 84c are used for elec- 
trically driving the arms 31a and 31b around the pivot 
axis 026 with respect the swing lever 32. Angle detecting 

IS means 85b and 85c such as encoders intend to detect 
the rotational angles of the arms 31a and 31b with 
respect to the swing lever 32. An auxiliary weight 42a is 
provided on the arm 31a. 

An electromagnetic brake 37j is provided for electri- 

20 cEilly controlling the rotation of the L-shaped arm 81 
around the pivot axis O30 with respect to the arm 31 d. 
and an electromagnetic brake 37k is applied to electii- 
cally control the rotation of the U-shaped arm 82 around 
the pivot axis 052 with respect to the L-shaped arm 81 . 

25 A driving portion 84d performs tiie electilcal drive for 
rotating the L-shaped arm 81 around the pivot axis 030 
with respect to the arm 31 d, and a drive porton 84e acts 
to electrically rotate the U-shaped arm around the pivot 
axis 052 with respect to the L-shaped arm 81 . 85d indi- 

30 cates angle detecting means such as an encoder for 
detecting the rotational single of the L-shaped arm 81 
around the pivot axis O30 with respect to the arm 31 d. 
and 85e depicts single detecting means such as an 
erxxxfer for detecting the rotational angle of the U- 

35 shaped arm around the pivot axis 025 witti respect to 
the L-shaped arm. 

A guide shaft 86 is provided on the U-ehaped arm 
82 coaxial with tiie pivot axis 053. and a slide ring 87 is 
mounted on the guide shaft 86 so as to be slidable along 

40 the pivot axis 053 without accompanying rotation. To ttie 
slide ring 87 are connected fixing means 88 such as a 
push-pull solenoid for controlling the movement of the 
slide ring 87 along tiie pivot axis 053 with respect to the 
guide shaft 86. and position detecting means 89 such as 

45 a linear encoder for detecting the axial position of the 
slide ring 87 on the pivot axis 053 with respect to tiie 
guide shaft 86. 

A rotary ring 90 is mounted on the slide ring 87 so 
as to be rotatable around the pivot axis 053 and is con- 
so nected to a joint 23 constituting the tilting rod 25 so as to 
be rotatable around the pivot axis 024. The pivot axis 
053 intersects at right angles witii the pivot axis 024. 

Here, connecting means 83 comprises the guide 
shaft 86. the slide ring 87. the fixing means 8. the position 

55 detecting means 89 and the rotary ring 90. 

In the figure. S2 shows an intersection of the pivot 
axes 023, 024 and 053, and S3 indicates an intersec- 
tion of the pivot axes O30. 052 and 053. 
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FIG. 1 7 illustrates the structures of the microscope 
body 12 and an electric circuit. 

An cbj ectiv lens 50 similar to that of the first embod- 
iment is mechanically connected to an objective lens 
driving portion 52. 6 

The microscope body 1 2 can be tilted around a point 
SI separated downward by a distance R1 from an inter- 
section T1 of the pivot axes 09 and 01 0 on the pivot axis 
O20. P indicates an intersection of the pivot axis 20 and 
the focal surface. io 

A control portion 91 has a memory circuit (not 
shown) and is connected to the objective lens driving 
portion 52. A grip 95 is connected to the microscope 
body 12 and has an all direction free switch SW3, a 
microscope body tilting switch SW4, a linear moving is 
switch SW6, a displacement locus setting switch SW7 
and a focal length resetting switch SW8. All these 
switches are connected to the control portion 91. 

Electromagnetic brakes 37a to 37c are connected 
to a control portion 91 through a stand electric brake driv- 20 
ing circuit 76a. The electromagnetic brakes 37d and 37e 
are connected to the control portion 91 tiirough a tilt elec- 
tromagnetic brake driving circuit 56c. Electromagnetic 
brakes 37g to 37i are connected to the control portion 91 
through a movement controlling mechanism electromag- 25 
netic brake driving circuit 56e to the control portion 91 . 
Fixing means 88 is connected to the control portion 91 
through a fixing means driving circuit 92. 

Rotational angle detecting means 85a to 85e, posi- 
tion detecting means 89 and driving portions 64a to 84e 30 
are connected to the control portion 91 . 

Electiromagnetk: clutches 101a and 101b, tilt driving 
portions 102a and 102b and microscope body angle 
detecting means 105 are also connected to the control 
portion 91 . The electromagnetic latches 101a and 101b 35 
are connected only when signals are inputted from the 
conti'ol portion 91. 

A joy stick 1 06 for allowing for the inputs of the X and 
Y directions is connected to the control portion 91 . too. 

40 

(Operation) 

The operation of this embodiment will be described. 

Witii this embodiment, movements of six degrees of 
freedom and a tilting movement around a point on the 45 
observation optical axis of the microscope body are 
available. In addition, the movement merely on a straight 
line and the displacement of the field of visfon are posr 
siksle. 

so 

[Movements of six degrees of freedom] 

When the all direction free switch SW3 on the grip 
95 is depressed, a signal is inputted to tiie control portion 
91 and tiie signals are outputted to the tilt electromag- 55 
netic brake driving circuit 56c and the movement control- 
ling mechanism electromagnetic brake 56e, whereby 
onlyth electromagnetic brakes 37a to 37i are released. 
In this case, the electromagnetic clutches 101a and 101b 



are not operated. The tilt driving portion 102a is disen- 
gaged from the rotary block21 , and the tilt driving p rtion 
102b is disengaged from ttie seat 22. Thus, tiie rotary 
block 21 can be rotated around the pivot axis 021 with 
respect to the fixing base 20. and tiie seat 22 can be 
rotated around the pivot axis 012 with respect to the 
rotary block 21 . 

When the electromagnetic brakes 37a, 37b and 37c 
are released, the support 1 is made rotatable around the 
pivot axis OO with respect to the supporting base 4. The 
arm 2b of the first parailelogrammic linkage 2 becomes 
rotatat>le dkx>ut the pivot axis 04 with respect to the lower 
supporting member 6. The arm 3a becomes rotatable 
around the pivot axis 05 with respect to the lower sup- 
porting member 6. These rotations are transmitted in tiie 
same manner as those of the first embodiment, and tiie 
microscope body 12 is made movable three-dimension- 
ally. 

As the electromagnetic brakes 37d, 37e and 37f are 
released, the microscope body 12 is rotated around the 
intersection T1 of the pivot axes 09, O10 and O20 in 
same manner as in the first embodiment. 

Transmission of ttie tilting movement of thefirst tilting 
arm 1 1 to the tilting movement of the second tilting arm 
15 is the same as that of the first embodiment, and the 
description ttiereof is omitted. 

Since the electromagnetic brakes 37g, 37h and 37i 
are all released, no elements restrict the movement of 
the microscope body 12 as in the first embodiment, in 
this condition. 

The microscope body 12 can be moved at sbc 
degrees of freedom due to the three<limenstonal move- 
ment and the tilting movement around the three orthog- 
onal axes. 

The operation interiocking with the six degrees of 
freedom of the microscope body 12 is the same as that 
of the first embodiment. The arm 2a and the arm 3a are 
moved always in parallel with the arm 2d and the arms 
3d and 3e. In a plane including the vertical axis OO and 
parallel with the paper surface of the drawing, a ti-iangle 
defined by connecting the pivot axes 01 . 04 and O10 is 
kept similar to a triangle defined by connecting tiie pivot 
axes 05, 08 and 012 in the same plane. In this condi- 
tion, the countenA^eight 39a supported on the arm 3e is 
moved to a position at which the angular moments of the 
microscope body 12 are canceled out 

TTie microscope body 12 can be moved at six 
degrees of freedom due to the movement of each part 
of it in a state in which the angular nmments are always 
canceled out 

[Tilting movement around a point on the observation opti- 
cal axis] 

When the microscope bo6y spherical surface free 
switch SW4 on the grip 95 is pushed, a signal is inputted 
to tiie control portion 91 , and signals are outputted to tiie 
stand electromagnetic brake driving circuit 76a and tiie 
tilt electromagnetic brake driving circuit 56c. Then, only 
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the lectromagnetic brakes 37a to 37f are released, and 
the electromagnetic brakes 37g and 37k and the fixing 
means 8 are fixed. In this state, the lectr magnetic 
clutches 101a and 1 01 b are not operated. Tilt driving por- 
tion 102a is separated from the rotary block 21 and the 
tilt driving portion 102b Is separated from the seat 22. 
Thus, the rotciry block 21 is rotatable around the pivot 
axis 021 with respect to the fixing base 20 and the set 
22 can be rotated around the pivot axis 01 2 with respect 
to the rotary bk)ck 21. 

With the tilting rod 25 as shown in FIQ. 1 5. therefore, 
the movement of the intersection S2 of the pivot axis 023 
and 024 is restricted and only the tiiting movement 
around S2 is allowed in the similar way to that of the first 
embodiment. The point T2 moves on the spherical sur- 
lace having a radius equal to the distarK;e R2 between 

52 and T2 . The movement of T2 is transmitted in the sinv 
liar way to that of the first embodiment, and the intersec- 
tion T1 of the pivot axes OS and O10 is moved by a 
distance equal to the moving distance of T2 multiplied 
by "C* which is the similarity ratio of triangles as 
described before. 

The tilling movement of the tilting rod 25 is transmit- 
ted 80 that the tilting rod 25 is always parallel with the 
pivot axis O20 coaxial with the observation optical axis 
in the similar way to that of the first embodiment. 

As a result, the microscope body 12 can be tilted 
around the point S1 separated from T1 on the observa- 
tion optical axis by a distance of R2 x C = R1 . 

The movement of the observation fleM of view 
merely on the straight line defined by connecting two 
points which is specific to this embodiment will be 
described. 

When the portion to be surgically operated is too 
wide to be observed in the observation field of vision 
under the microscope body 12 fixed at a point or when 
the observation is made by reciprocating the microscope 
unit between two separate points, the observation field 
of vision is set to be moved merely on a straight line con- 
necting the two aimed points. 

In order to do so. the surgeon or the operator 
depresses a focal length reset switch SW8 on the grip 
95 at first. Then, signals from the focal length reset switch 
SW8 and from objective lens position detecting means 

53 are inputted to a control portion 91 . and the previously 
memorized tilting center point SI and a P which is the 
current focus are compared. A driving signal is outputted 
to an objective lens driving portion 52 so that the two 
points coincide with each other by changing the focal 
length of an objective lens 50. 

Next an alt direction free avitch SW3 is pushed. 
After the microscope body 1 2 is moved so that the focus 
coincides with the first aimed observation point as a 
center of the field of vision, the all direction free switch 
SW3 is released. Then, a moving locus setting switch 
SW7 is depressed once. A signal from the moving locus 
setting switch SW7 is inputted to the control portion 91 . 
Positional signals from angle detecting means 85a to 84e 
and position detecting means 89 are inputted to the con- 



trol portion 91. Three-dimensi nal coordinates (XI. Y1, 
Z1) of the point S2 are calculated in the control portion 
91. The cateulated values are stored in a memory circuit 
(not shown) in the control portion. Next, the all direction 

5 free switch 8W3 Is depressed in the same way as men- 
tioned above. After the microscope body 12 is moved so 
that the focus coincides with the second aimed observa- 
tion point as a center of the field of vision, the moving 
locus setting switch SW7 is depressed again. As 

10 described above, positional signals from the angle 
detecting means 85a to 85e and from the position detect- 
ing means 89 are inputted to the control portion 91 and 
three-dimensional coordinates (X2, Y2. Z2) of tiie point 
S2 are calculated in the control portion 91. The control 

IS portion 91 calculates the middle point PM (XM, YM, ZM) 
between tiie two points and a straight line passing a point 
(XI. Y1. Z1) and a point (X2, Y2, Z2) in the memories 
and given by the following equation (1): 

2o {X-X1)/(X2-X1)-(Y-Y1)/(Y2-Y1) 

o(Z-Z1)/(Z2-Z1) (1) 

Then, the moving direction and the moving cfis- 

25 tance of tiie point S3 required for causing the intersection 
of the pivot axes O30. 052 and 053 to coincide with the 
coordinates (XM, YM, ZM) of the middle point PM are 
calculated. Driving signals according to the calculated 
values are outputted to the driving portion 84a to 84c. A 

30 tilting angle and a direction required for causing the pivot 
axis 053 coaxial with a guide shaft 86 to coincide with 
the straight line calculated from the equation (1) are cal- 
culated. Driving signals according to the calcxdated val- 
ues are outputted to the driving portions 84d and 84e. 

36 An L-shaped arm 81 is rotated around the pivot axis O30 
through a required angle, and a U-shaped arm 82 is 
rotated around the pivot axis 052 through a required 
angle. As a result of these actions, the line defined by 
connecting the point (X1 . Y1 . Z1) and the point (X2, Y2. 

40 22) is made to coincMe with the pivot axis 053, and the 
point S3 is made to coincide with the middle point PM. 

In the next step, a linear movement switch SW6 is 
depressed. Then, a signal is inputted to the control por- 
tion 91 , axvi fixing means 88 is released from the control 

45 portion 91 through a fixing means driving circuit 92. Sig- 
nals are outputted from the control portion 91 to a stand 
electromagnetic brake driving circuit 76a and a tilt elec- 
tromagnetic brake driving circuit 56c so as to release the 
braking action of the electronriagnetic brakes 37a to 37c. 

so Electromagnetic clutches 1 0la and 1 0b are not actuated 
in this condition. The tilt driving portion 102a is disen- 
gaged from the rotary block 21 . and the tilt driving portion 
102b is disengaged from the seat 22. The rotary block 
21 is rotatable around the pivot axis 021 with respect to 

55 the fixing base 20. and the seat 22 is rotatable around 
the pivot axis 012 with respect to the rotary block 21 . 

TTie slkie ring 87 becomes slidable along the guide 
shaft 86. and S2 becomes movable merely on the 
straight line defined by connecting the two points (X1, 
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Y1, Z1) and (X2, Y2, 22) on the pivot axis 053. Thus, 
the center point P of the observation field of view on the 
focal surface of the microscope body 12 becomes mov- 
able merely oh the straight fine defined by connecting the 
two previously set points. 

The electric movement of the field of view will be 
deserved. 

A joy stick 1 06 is provided on the f bor surface so 
that the X direction is parallel with a plane including left 
and right optical axes 51 R and 51 L of the microscope 
body 12 during surgical operation. When the surgeon or 
the operator operates the joy stick 106 with the foot dur- 
ing the surgical operation, a signal is outputted from the 
joy stick 106 to the control portion 91. An angle signal Is 
inputted from the microscope angle detecting means 1 05 
to the control portion 91 . An angle between the arm 1 0e 
and the plane including the left and right observation 
optical paths 51 R and 51 L of the microscope body 12 is 
calculated. At the same time, signals are outputted from 
the control portion 91 to the electromagnets clutches 
101a and 101b whereby the tilt driving portion 102a is 
connected to the rotary block 21 and the tilt driving por- 
tion 102b is connected to the seat 22. In this state, sig- 
nals are outputted from the control portion 91 to a tilt 
electromagnetic brake driving circuit 56c and a nxsve- 
ment controlling mechanism electromagnetic brake driv- 
ing circuit 56e. and the brake action of the 
electromagnetic brakes 37d. 37e, 37f, 37g to 37t is 
released. 

The control portion 91 composes the drives of the 
tilt driving portions 102a and 1Q2b in two directions due 
to the signal in the operating direction of the Joy stick 1 06 
and information of the angle between the arm lOe arxi 
a plane including the left and right observation optical 
paths 51 R and 51 L of the microscope body 1 2. Then, the 
control portion 91 calculates the driving speeds of the tilt 
driving portion 102a aixJ 102b required for tilting the tilt- 
ing rod 25 in the same direction as the operating joy stick 
106 is directed. The control portion 91 provides signals 
required for driving the tilt driving portions 1 02a and 1 02b 
at the required speeds. 

Since the electromagnetic brakes 37g to 37i in the 
moment controlling mechanism 40 are released, the tilt- 
ing movement of the tilting rod 25 Is not restricted. The 
electa'omagnetic rakes 37d and 37f are released with the 
result that the microscope body 1 2 can be rotated arourKi 
the pivot axes 09 and O10. 

As the tilt driving portion 102a is driven, the rotary 
rod 21 Is rotated around the pivot axis 021 with respect 
to the fixing base 20 through the electromagnetic dutch 
101a. Similarly, as the tilt driving portion 102b is driven, 
the seat 22 is rotated around the pivot axis 012 with 
respect to the rotary block 21 tiirough the electromag- 
netic clutch 101b. The rotation of tfie rotary t)lock21 and 
the seat 22 is transmitted by the movement transmitting 
mechanism 57 to the connecting block 9 as the rotation 
around the pivot axis 09 witti respect to the arm 2d and 
to the arm 1 0b as tiie rotation around the pivot axis 032 
with respect to the connecting block 9. 



In consequence, the microscope body 12 is rotated 
around the ph/ot axes 09 and 01 0 in the sam direction 
as tiie operating direction of the ipy stick 106. 

In this embodiment, the guide sha.. 86 has a linear 

5 shape but may have a proper shape according to the type 
of surgical operation. In neurosurgery, for example, the 
guide shaft 86 may have an arcuated shape which is 
curved along the head of a patient. 

In this embodiment the electrical movement of the 

10 field of vision is performed ksy tilting the microscope body 
12, through the movement transmitting mechanism 57, 
by ttie tilt driving portions 102a and 102b connected to 
the second tilting arm 15. However, the electrically oper- 
ated members can be operated by a method different 

IS from this method. The elecfromagnetic brakes 37a to 37f 
connected to the stand electromagnetic brake driving cir- 
cuit 76a are released for the electrical movement of the 
field of vision. Then, the driving portions 84a to 84c pro- 
vided on the movement controlling mechanism 40 are 

20 driven to make a parallel movement of the tilting rod 25. 
whereby the microscope body 1 2 is moved in parallel by 
the action of the movement transmitting mechanism 57. 

(Effects of this embodiment) 

25 

In the second embodiment the second tilting arm 
1 5 is disposed at the side of tiie microscope body 1 2 with 
respect to tiie vertical axis OO and does not project much 
toward the opposite side of the microscope body 12 with 

30 respect to the vertical axis OO. Thus, this arm IS does 
not interfere with other instruments or obstruct the work 
of the assistants. 

The tilt driving potions 1 02a and 1 02b for performing 
the electric movement of the field of vision are not pro- 

35 vided on the first tilting arm 1 1 but on the second tilting 
arm 15, and the movements are transmitted to the first 
tilting arm 1 1 by a movement transmitting member of the 
movement ti-ansmitting mechanism 57. Thus, the first tilt- 
ing am 1 1 is small in size and does not obstruct surgery. 

40 The first tilting arm 1 1 is made light in weight and the 
operating force (inertia) for moving ttie micn^scope body 
12 is not increased. 

A conventional surgical microscope unit in which a 
microscope body can be moved merely horizontally or 

45 vertically is disclosed in Jpn. Pat Appln. KOKAl Publica- 
tion 4-154442. This prior art intends to propose a stand 
device used for a microscope body largely moved verti- 
cally in surgical operation of eyes or the like or used for 
a microscope body largely moved horizontally in surgical 

so operation of spinal cords or the like. 

However, this device has complicated linkages and 
a bulky structure. This arrangement obstructs the surgi- 
cal work of ttie surgeon or the operator and interferes 
with the other instruments. 

ss The microscope txxly can move only on the previ- 
ously set loci. Thus, the loci cannot be changed in 
accordance with various kinds of surgery. 

An operation table, on which a patient is fixedly 
placed, is sometimes inclined during surgery of his spiral 
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cord, and the spiral cord is not parallel with the h rizontal 
direction. When the miaoscope body is moved horizon- 
tally in such a case, the focus is displaced greatly and 
the stand cannot perfbrnn an effective function. 

On the c ntrary, the mov merit controlling mecha- 
nism 40 of this embodiment comprises guiding means 
having a guide shaft 86 and a slide ring 87 lor limiting 
the moving loci of the microscope body 12, arxi moving 
means which moves the guiding means and has a verti- 
cal shaft 30, a fixing paralletogrammic linkage 31 , an L- 
shaped arm 81 . a U-shaped arm 82 and driving portions 
84a to 84e so that the surgeon or the operator can move 
the field of vision merely on a straight line defined by con- 
necting two arbitrary points during surgery. Therefore, 
the microscope unit of this embodiment can be used in 
any kind of surgery without being limited by methods of 
surgery, thereby shortening surgical operation time arKi 
reducing fatigue of the surgeon or the operator. 

A surgical microscope unit according to a third 
erhbodiment of the present invention with reference to 
FIGS. 19 to 27. 

(Structure) 

FIG. 19 shows a general structure of the whole of 
the surgical microscope unit according to the third 
embodiment. Like the above-mentioned embodiments, 
a supporting device has a support 1 and a supporting 
base 4 for supporting the support 1 . The supporting base 

4 comprises a bottom plate 4a having casters on its bot- 
tom surface and a vertical stand 4b. The upper end por- 
ti n of the vertical stand 4b Is bent fbnivard and 
horizontally. The support 1 is mounted on the bent front 
end of the vertical stand 4b so as to be rotatable around 
the vertical axis OO. A first upper parallelogrammic link- 
age (a displacing mechanism) 2 is connected to the 
upper portion of the support 1 , and a second lower par- 
allelogrammic linkage (a displacing mechanism) 3 is 
connected to the lower portion of the support 1 . 

The first parallelogrammic linkage 2 which is dis- 
posed at the upper side comprises four arms 2a to 2d 
connected together so as to be rotatable around parallel 
pivot axes 01 to 04 and forming a parallelogram. The 
first parallelogrammic linkage 2 is connected to the upper 
portion of the support 1 by an upper sipporting member 

5 so as to be rotatable around the pivot axis 01 . The 
pivot axis 01 and the vertical axis OO intersect at right 
angles with each other. 

The second paralletogrammic linkage 3 which Is dis- 
posed at the lower side comprises four arms 3a to 3d 
connected together so as to be rotatable around parallel 
pivot axes 05 to 08. The second parallelogrammic link- 
age 3 is connected to the lower portion of the support 1 
by a lower supporting member 6 so as to be rotatable 
around the pivot axis 05. The pivot axis 05 intersects at 
right angles with the vertical axis OO and is parallel with 
the pivot axis 01. The first parallelogrammic linkage 2 
and the second parallelogrammic linkage 3 are provided 
separately on the upper portion and the lower portion of 



the support 1 , respectively. However, they are arranged 
in a similar relationship with each other and make inter- 
locking deforming movement through a first connecting 
mechanism and a second connecting mechanism which 

5 will be described later. 

The first parallelogrammic linkage 2 of the tNrd 
embodiment has tiie same structure of those of the first 
and second embodiments. The second parallelogram- 
mic linkage 3 of tiie third embodiment has the same 

10 structure as that of tiie second embodiment in which an 
arm 3a assumes a T-shape having an intersection on tiie 
pivot axis OS. The lower of a f irst transmitting member 7 
is connected to the front end portion of the short inter- 
mediate projection at its center so as to be rotatable 

IS around a pivot axis 014. A line defined by connecting 
tiie pivot axis OS and the pivot axis 08 intersects simi- 
larly at right angles with a line defined by connecting the 
pivot axis OS and the pivot axis 014 in a plane parallel 
with the paper surface of the drawing. The positional rela- 

20 tionship between the two lines is not limited thereto as 
long as the former line is parallel witii the projection bent 
from the arm 2a of the first parallelogrammic linkage 2. 

The line defined connecting the pivot axis 01 and 
the pivot axis 04 is always parallel with tiie line defined 

25 by connecting the pivot axis OS and the pivot axis 08. 
and the lines defined by connecting tiie pivot axes 01, 
OS, 014 and 013 in turn always form a parallelogram. 

In tills embodiment the arms 2a and 3a, afirsttrans- 
mitting rod 7 for connecting them constitute a first con- 

30 necting mechanism for trsuismitting a rotation force and 
intertocking ttie arms 2a and 3a. 

Similarly, tiie pivot axis 02 of tiie arm 2b of ttie first 
parallelogrammic linkage 2 and the pivot axis 06 of the 
arm 3b of the second psirallelogrammic linkage 3 are 

35 rotatably connected by a secorxi transmitting rod 8. A 
line defined by connecting the pivot axis 01 and the pivot 
axis 02 is set to be always parallel with a line def ined by 
connecting tiie pivot axis OS and ttie pivot axis OS. In 
this embodiment, tiie arms 2b and 3b and the second 

40 transmitting rod 8 constitute a second connecting mech- 
anism for transmitting rotating forces between the €unis 
2b and 3b and interlocking them. 

On one end of the arm 2d of the first parallelogram- 
mic linkage 2 is supported a connecting block 9 so as to 

45 be rotatable around a pivot axis 09 on the line intersect- 
ing witii tiie vertical axis OO and defined t>y connecting 
the pivot axis 03 and the pivot axis 04. A tiiird parallel- 
ogrammic linkage 10 is connected to the connecting 
block9. The third parallelogrammic linkage 10 comprises 

so five arms 10a to lOe and a connecting block9 connected 
together so as to be rotatable around pivot axes 015 to 
019, 031 and 032 perpendicular to the paper surface 
of the drawing and constitutes a double parallelogram- 
mic linkage. A first tilting arm 1 1 as a tilting mechanism 

55 comprises the connecting block 9 and the third parallel- 
ogrammic linkage 10 so as to be able to tilt around the 
pivot axes 09 and O10 perpendicular to each ottier. 

A balance weight 14 is provided on the arm 10b of 
the third parallelogrammic linkage 10 so as to be slidable 
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along a screw thr adedporti n 18 formed in parallel with 
a line connecting the pivot axis 015 and the pivot axis 
032. The balance weight 1 4 is not limited to b provided 
on the arm 1 0b but it can be provided on one of the other 
arms 10a or lOe which moves In parallel with the line 
connecting the pivot axis 015 and the pivot axis 032. 

The microscope body 12 is supported on a down- 
ward projecting end of the arm lOe by a later described 
microscope bo6y supporting arm 1 3 provided with a bal- 
ance adjusting mechanism and rotatable around the 
pivot axis O20 passing the line formed by connecting the 
pivot axis 01 7 and the pivot axis 018. The miaoscope 
body 1 2 can be rotated around the pivot axis 09, the pivot 
axis O20 and an imaginary prvot axis O10 passing an 
intersection T1 of the pivot axis 09 and the pivot axis 
O20 and perpendicular to the paper surface of the draw- 
ing in such a manner that the angular moments around 
these axes are zero. The microscope body 1 2 is provided 
with a side scope for an assistant 

The operation of the balancing action of the first and 
second parallelogranrvnic linKages 2 and 3 will be 
described. A screw shaft 41 a is fixed to the arm 3d of the 
second parallelogrammic linkage 3, and a counterweighit 
39a is supported on the screw shaft 41a slidably in its 
axial directions. 

Similarly, a screw shaft 41b is disposed in parallel 
with a line defined by connecting the pivot axis 05 and 
the pivot axis 08 and is fixed to the arm 3a of the second 
parallelogrammic linkage 3 which is adjacent to the arm 
3d. A counteraveight39b is supported on the screw shaft 
41b so as to be movable axially. 

A countenwelght 39c is fixed to the second transmit- 
ting rod 8. The weights of the countenveights 39a, 39b 
and 39c are distributed and their positions are arranged 
so that the angular moments around the pivot axes OO 
and 01 are always zero. 

An auxiliary counterweight comprises the counter- 
weights 39b and 39c. 

The T-shaped arm 3a constituting the second paral- 
lelogrammic linkage 3 extends toward the opposite side 
of the pivot axis 08 with respect to the pivot axis 05. The 
arm 3a is on the line passing the pivot axis OS and the 
pivot axis 08. An arm 3e is connected to the forward end 
of the extended portion of the arm 3a so as to be rotat- 
able around a pivot axis O50 which is opposite to the 
pivot axis 08 with respect to the pivot axis 05 and parallel 
with the pivot axis 05. An arm 3c extends toward the 
opposite side of the pivot axis 07 with respect to the pivot 
axis 06, and an arm 3e is connected to the front end of 
the extension which is on a line passing the pivot axis 
06 and 07 at the position opposite to the pivot axis 07 
with respect to the pivot axis 06 so as to be rotatable 
around a pivot axis 051 parallel with the pivot axis 06. 
A line connecting the pivot axis 05 and the pivot axis 06 
is parallel with a line connecting the pivot axis 051 and 
a pivot axis 052, in a plane of the parallelogrammic link- 
age parallel with the paper surface of the drawing. 

T thefixingbase20fixedtothearm3eisconnected 
a rotary block 21 which is in a plane parallel with the 



paper surface of the drawing, intersects with the vertical 
axis OO and is rotatable around the pivot axis 021 . The 
rotary block 21 is provided with a seat 22 rotatable 
around the pivot axis 01 2 parallel with the pivot axis 01 0 

5 and perpendicular to the pivot axis 021 . The f bang base 
20, the rotary block 21 and the seat 22 constitute a sec- 
orvi tilting arm 15 as a tilting mechanism. 

One end of a slide rod 23 is connected to the seat 
22. To the other end of the slide rod 23 is connected a 

10 joint 24 so as to be rotatable around a pivot axis 023 
perpendicular to the pivot axis 012 in a plane including 
a pivot axis O20 and parallel with the paper surface of 
the drawing. In this embodiment, the slide rod 23 and the 
joint 24 constitute a tilting rod 25 as a tilting mechanism. 

IS The weights are distributed so that the angular moments 
due to their own weights around the pivot axis 021 , the 
pivot axis 012 and the pivot axis 023 are always zero. 

A movement transmitting mechanism 57 which is the 
same as those of the first and second embodiments is 

20 provided in order to transmit the tilting nxsvements of the 
microscope body 12 around the pivot axes 09 and 01 0 
directly to the tilting rod 25 as the tilting movements 
around the pivot axes 021 and dl2 at the same ratio. 
The elements of the movement transmitting mechanism 

25 57 are shown by the same referential signs in the figure 
as used for the corresponding elements of the first and 
second embodiments, and detailed description thereof 
is omitted. 

The base portion 4a of the supporting tDase 4 is pro- 
30 vided with a vertical shaft 30 rotatable around a pivot axis 
025. A fixing parallelogrammic linkage 31 comprising 
arms 31a to 3 Id pivotally connected together around 
parallel pivot axes 026 to 029 is connected to the vertical 
shaft 30 so as to be rotatable around the pivot axis 026. 
36 The pivot axis 026 is perpendicular to the vertical axis 
025. and the vertical shaft 30 is provided with an elec- 
tromagnetic brake for controlling (braking) the rotation 
around the pivot axis 025. An electromagnetic brake for 
controlling the rotation around the pivot axis 026 which 
40 will be described later Is provided on the arm 31a and 
the arm 31b. 

One end of a rod 33 is connected to the lower end 
of the joint 24 of the tilting rod 25. The other end of the 
rod 33 is connected to one end of the arm 31 d of the 
46 fixing parallelogrammic linkage 31. The tilting rod 25 is 
in a plane including the pivot axis 025 and parallel with 
the paper surface of the drawing and is pivotally con- 
nected to each portion on a line connecting the pivot axis 
028 and 029. 

so One end of the rod 33 is connected to the joint 24 of 
the tilting rod 25 so as to be rotatable around the pivot 
axis 024 perpendicular to the pivot axis 023. The verti- 
cal shaft 30. the fixing parallelogrammic linkage 31 . the 
swing bar 32, the rod 33 and an electromagnetic brake 

55 which will be described later constitute a movement con- 
trolling mechanism 40. The weight of the movement con- 
trolling mechanism 40 is distributed so that the angular 
rTx>ments due to its own weight around the pivot axes 
025, 026 and O30 are always zero. 
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As shown in FIG. 19, the pivot axes 01, 04, 05. 
01 0, 01 2 and O50 are arranged so that a triangle formed 
by connecting the pivot axes 01 , 04 and O10 is similar 
to a triangle defined by connecting the pivot axes 05. 
O50 and 012 in the same plane. The similarity ratio Is: 

(A01, 04, O10) / (AOS, O50. 012) o C 

where C is a constant. 

The structure will be described in detail. In FIQ. 19. 
the supporting base 4 is provided with an electromag- 
netic brake 37a for electrically controlling the rotation of 
the support 1 with respect to the support 4. 

The connecting portion of the first tilting arm 1 1 with 
the arm 2d of the first parallelogrammic linkage 2 is pro- 
vided with a first rotary rod 38 projecting from the con- 
necting block 9 of the first tilting arm 1 1 . The first rotary 
rod 38 is mounted on a bearing provided in the arm 2d 
and Is rotatable around the pivot axis 09. The arm 2d is 
provided with an electromagnetic brake 37d for electri- 
cally controlling the rotation of the first rotary rod 38 with 
respect to the arm 2d. 

The connecting rod 9 is provided with an electro- 
magnetic brake 37e for electrically braking the rotation 
of the arm 10a with respect to the connecting block 9. 

The arm lOe is also provided with an electromag- 
netic brake 37f for controlling the rotation of the micro- 
scope supporting arm 13 arourKi the pivot axis O20 with 
respect to the arm lOe. 

The upper supporting member 5 pivotal ly supporting 
the first parallelogrammic linkage 2 on the support 1 and 
the lower supporting member 6 pivotally supporting the 
secorxi parallelogrammic linkage 3 on the support 1 
have the same structures as those of the first embodi- 
ment as shown in FIGS. 2 and 3. 

FIG. 20 shows the detailed structures of the second 
parallelogrammic linkage 3, the second tilting arm 1 5, the 
tilting rod 25 and the movement controlling mechanism 
40. 

In FIG. 20 are shown an intersection T2 of the pivot 
axis 012 and the pivot axis 021 and an intersection S2 
of the pivot axis 023, the pivot axis 023 and the pivot 
axis 030. 

Similarly to the first embodiment, a tilting rod driving 
portion 43 is provkied on the seat 22 and can electrically 
move the slide rod 23 of the tilting rod 25 along the pivot 
axis 023. A tilting rod positron detecting portion 44 
detects the driving amount of the tilting rod driving por- 
tion 43 and calculates the lineEV distance between T2a 
and S2. 

An electromagnetic brake 37g can control the rota- 
tion of the vertical shaft 30 around the pivot axis 025 with 
respect to the supporting base 4. The arms 31a and 31b 
constituting tiie fixing parallelogrammic linkage 31 are 
provided with electromagnetic brakes 37h and 37i for 
electrically controlling the rotation of tiie arms 31a and 
31b around the pivot axis 026 with respect to the swing 
lever 32. 



An auxiliary weight 42 is fixed to ttie arm 31a and 
tiie swing lever 32 so that the angular moments of the 
arms 31a and the swing lever 32 around tiie pivot axes 
026 and 025 are canceled out. 

6 The structures of the microscope body 12 and th 
electric circuit will be described with reference to FIG. 21 . 

As shown in FIQ. 21, an objective lens 50 is dis- 
posed on left and right observation optical paths 51 L and 
51 R comprising a zoom lens, a focusing lens and an ocu- 

10 lar which are not shown. The focal length of the object 
side can be changed by varying the distances between 
tfie lenses in the observation optical paths. The objective 
lens 50 is mechanically connected to an objective lens 
driving portion 52 to adjust the focal length. Objective 

IS lens position detecting means 53 such as an encoder is 
mechanically connected to the objective lens 50. In the 
figure, T1 designates an intersection of the pivot axis 09, 
the pivot axis O10 and the pivot axis O20, a point P 
shows an Intersection of the observation optical axis. La. 

20 the pivot axis O20 and the focal surface of the micro- 
scope body 12. Rf indicates a linear distance between 
T1 and tiie point P. and f illustiHtes the focal distance of 
the objective lens 50. 

The objective lens driving portion 52 and the objec- 
ts tive lens position detecting means 53 are connected to 
a control portion 54. The microscope body 12 has a grip 
55 which is provided with an all direction free switch 
SW1 , a mforoscope body spherical surface tilting switch 
SW2. a tilting center setting switch SW3. a focal lengtti 

30 changing switch SW4, a focal lengtti setting switch SW5 
and the like. These switches are connected to the control 
portion 54. Memory means 65, the tilting rod driving por- 
tion 43 and the tilting rod position detecting portion 44 
are also connected to the control portion 44. 

35 The electromagnetic brakes 37a to 37f are con- 
nected to the control portion 54 through a supporting arm 
electromagnetic brake driving circuit 56a. Likewise, ttie 
electromagnetic brakes 37g, 37h and 37i are connected 
to tiie control portion 54 through a movement controlling 

40 mechanism elecb-omagnetic brsto driving circuit 56b. 

The balance adjusting mechanism of the micro- 
scope body supporting arm 1 3 will be described with ref- 
erence to FIG. 22. 

A connecting rod 58 is rotatably connected to the 

45 arm lOe around the pivot axis O20 with respect to ttie 
arm lOe and supports the microscope body 12 at Hs 
lower end. 

A rotary ring 59 is nnounted on the outer periphery 
of the connecting rod 5, and its axial movement Edong 

50 the pivot axis O20 is restricted by a projection 58a and 
a retaining ring 60. TTie rotary ring 59 is rotatable around 
the pivot axis O20 but csui be fixed by a knob 61 . A bal- 
ance weight 63 is mounted on a screw shaft 62 con- 
nected to the connecting rod 58 so as to be projectingly 

55 movable in a radial direction with the pivot axis 020 as a 
center. 



20 



39 



EP0700 665A1 



40 



(Operation) 

The operati n f the surgical microscope unit 
according to the third embodiment will be described. 
With this surgical microscope unit, the tree-dimensional 
movements and the tilting movements around the three 
orthogonal axes (the movements of six degrees of free- 
dom) and a tilting movement around a point on the obser- 
vation axis can be selected according the types of 
surgery. The operation of them will be described. 

[Movements of six degrees of freedom] 

First, the all direction free switch SW1 of the grip 55 
is depressed. Then, signals are inputted to the control 
portion 54 and corresponding signals are outputted to 
the supporting arm electromagnetic brake driving circuit 
56a and the movement controlling mechanism electro- 
magnetic brake driving circuit 56b. The brake action of 
all brakes 37a. 37b, 37c 37d. 37e, 37f. 37g. 37h and 37i 
is released. 

Upon release of the brake action of the electromag- 
netic brake 37a, the support 1 is made rotatable around 
the vertical axis OO with respect to the supporting base 
4. and thus the microscope body 12 Is made rotatable 
around the vertical axis OO with respect to the supporting 
base 4. 

As tiie electromagnetic brake 37b (see FIG. 2). the 
arm 2b becomes rotatable around the pivot axis 01 with 
respect to the upper supporting member 5, and the arm 
2d becomes rotatable around the pivot axis 04 witii 
respect to the arm 2a through the arm 2c in a state in 
which the arm 2c is maintained in parallel with the arm 
2b. Thus, the microscope body 12 is made rotatable 
around the pivot axis 04 with respect 1o the arm 2a 
through the first tilting arm 1 1 . 

Release of the electromagnetic brake 37c (see FIQ. 
3} allows for rotatk>n of the arm 3a around the pivot axis 
05p witii respect to the lower supporting member 8. and 
the arm 2a connected to the arm 3a through the first 
transmitting rod 7 is also made rotatable around the pivot 
axis 01 with respect to the upper supporting member 5. 
Thus, the microscope body 12 becomes rotatable, as a 
whole, around the pivot axis 01 with respect to the upper 
supporting member 5 through the first tilting arm 1 1 . 

In this way, the microscope body 12 becomes rotat- 
able three-dimensk>nally due to combination of the 
three-dimensional movements of the microscope body 
12. 

When, on the other hand, the electromagnetic brake 
37d is released, the first tilting arm 11 is made rotatable 
around the pivot axis 09 with respect to the arm 2d. As 
the electromagnetic brake 3e is released, the arm 10a 
of ttie parallelogrammic linkage 10 is made rotatable 
around the pivot axis 031 with respect to the connecting 
block 9, and the arm 10e connected by the arms 10b to 
lOd is made to be tilted around th pivot axis O10 by 
keeping parallelism with the arm 10a. Upon release of 
the electromagnetic brake 37f, the microscope body 12 



is made rotatable around the pivot axis 20 of the arm 1 0e 
ttirough the microscope body supporting member 1 3. In 
other words, the microscope body 12 can be rotated 
around an intersection T1 of the pivot axis 09 and tie 

5 pivot axis 01 0 as a center. 

Since the brake action of ail brakes 39g, 37h and 371 
of the movement controlling mechanism 40 is released, 
the vertical shaft 30 can be rotated around the pivot axis 
025 with respect to the supporting base 4 and similarly 

10 the arms 31a and 31b of thef ixir^ parallelogrammic link- 
age 31 can be rotated around the pivot axis 026 with 
respect to the swing bar 32. The rotation of the arm 31b 
around the pivot axis 026 witii respect to the swing lever 
32 is converted by the arm 31c into the rotation of tiie 

IS arm 31 d around the pivot axis 029 with respect to the 
arm 31a. As a result, the rod 33 can be also rotated 
around the pivot axis 029 with respect to tiie arm 31a 
arxi around the pivot axis O30 with respect to the arm 
31d. In this state, therefore, no elements restrict the 

20 movement of the microscope body 1 2. 

In other words, the microscope body 12 can make 
movements of six degrees of freedom due to tiie three- 
dimensional movements and the tilting movements 
around the three orthogonal euces. 

25 The movements of the microscope body 12 inter- 
locking with the movements of six degree of freedom will 
be described. The arm 3b connected to the second 
transmitting rod 8 is rotated around the pivot axis 05 with 
respect to the lower supporting member 6 always in par- 
se allel with tiie arm 2b by the rotation of the arm 2b around 
the pivot axis 01 with respect to the upper supporting 
member 5, and the arm 3d connected in parallel with tiie 
arm 3b by the arm 3c Is rotated around the pivot 08 with 
respect to the arm 3a. In this state, the arm 3d is always 

3S maintained in parallel with the arm 2d. 

By the rotation of arm 3a around the pivot axis 05 
with respect to tiie lower supporting member 6. the arm 
3d is rotated around the pivot axis 05 with respect to tiie 
lower supporting member 6. The tilting rod 25 is nxyved 

40 together with the arm 3d tiirough the second tilting arm 
15. 

The arms 2a and 3a. and arms 2d and 3d are moved 
always in parallel with each otiier, and a triangle formed 
by connecting the pivot axes Ol , 04 and 01 0 is always 
45 similar to a triangle formed by connecting the pivot axes 
05, O50 and 012 in a plane including the vertical axis 
OO and parallel with the paper suriace of the drawing. 

FIQ. 23 is a modeled view how to explain the bal- 
ancing of the first parallelogrammic linkage 2 and tiie 
60 second parallelogrammic linkage 3. 

A point P is the compound center of gravity of the 
elements disposed between thefirst tilting arm 1 1 on tiie 
pivot axis 09 and the microscope body 1 2 and including 
the microscope body 12. The weight exerted on the point 
ss P is W1. and the distance between the pivot axis 04 and 
the point P is expressed by LI. 

The weight of the counterweight 39a is Wa, tiie dis- 
tance between the pivot axis 08 and the center of the 
counterweight 39a is L2, the weight of the counterweight 
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39b is Wb, the distance between the pivot axis 05 and 
the cent r of the countenweight 39b Is r2. the weight of 
the countenweight 39c is Wo, the distance between the 
pivot axis 01 and the pivot axis 02 is r1, the distance 
between the pivot axis 05 and the pivot axis 08 is r3, 
and the distance between the pivot axis 01 and the pivot 
axis 02 is L3. 

The countenveights 39a to 39c are set at such posi- 
tions as the following two equations are satisfied: 

W1 X LI B Wia X 1^ -I- Wc X L3. and 

W1 xrl «VVSaxr3 + Wbxr2. 

It is understood that the angular moments of the first 
parallelogrammic links 2 and the second parallelogram- 
mic linkage 3 are kept zero with respect to the three- 
dimensional movement of the microscope body 12. 

FIG. 24 shows a modeled view illustrating how to 
balance the tilting movennents of the microscope body 
12. When the center of gravity of the members including 
the microscope body 12 which rotate around the pivot 
axis O20 is moved from a point Oa, at which the angular 
moments around the pivot axes 09, O10 arxd O20 are 
zero, to a point Gb as a result of moving a side scope 
connected to the microscope txxly 12 during surgical 
operation, for example, the balance weight 63 is rotated 
with respect to the screw shaft 62 so as to be moved in 
the direction of an an-ow 1 . Then, the center of gravity is 
moved from Gb to Gc and coincides with the pivot axis 
O20. Where the position of the center of gravity is dis- 
placed in a perpendicular direction to the paper surface 
of the drawing, it is preferred that the knob 61 is loosened 
and f ixed again after the balance weight 63 together with 
the rotary ring 59 has be turned around the pivot axis 
O20 to the proper position. 

Since, however, Gc Is nnoved to the position over Ga 
in this case, angular moments are produced around the 
pivot axis 09 and the pivot axis O10. In order to cancel 
out these angular moments, it is prefen^ed that the bal- 
ance weight 1 4 provided on the ami 1 0e of the first tilting 
arm 1 1 is rotated with respect to the screw portion 1 8 so 
as to be moved along a line formed by connecting the 
pivot axis 015 and the pivot axis 032 so that the center 
of gravity of the elements disposed between the first tilt- 
ing arm 11 and the microscope body 12 and including 
the microscope body 12 coinddes wttti Ga. 

In the process of these actions, the microscope body 
12 can be moved at six degrees of freedom in a state in 
which the angular moments are always zero. 

It is necessary to set the focal length to an optimum 
value in order to maintain a suitable space between tfie 
microscope body 1 2 and the portion of the patient to be 
surgically operated during surgery. This is attained by 
selecting the direction required for lengthening or short- 
ening the focal distance and depressing the focal length 
changing switch SW4. A signal is inputted to the control 
potion 54 according to the direction of lengthening and 
shortening the focal length. The objective lens driving 



portion 52 moves the objective lens 50 in the direction 
which the surge n or the operator wants according to the 
signal from the control portion 54. 

Upon depressing the focal distance setting switch 

5 SW5. objective lens position inf rmatlon representing 
the curr ent position of the objective I ens is suppli ed from 
objective lens position detecting means 53 to memory 
means 65 through the control portion 54 and is memo- 
rized in the memory means 65. In this way, the focal 

10 length suited for the required surgical operation is mem- 
orized. 

The portion to be observed must be focused accu- 
rately during surgery. In order to do so, the focal iengtti 
is extended or shortened by pushing the focal length 

15 changing switch SW4. In other words, the actual position 
of the objective lens is displaced from the reference posi- 
tion of the objective lens. 

Next, the all direction free switch SW1 is depressed 
to move the microscope body 12 to the aimed position. 

20 According to the signal from the switch SWI , the control 
portion 54 compares the objective lens position informa- 
tion representing the current position of the objective 
lens inputted from the objective lens position detecting 
means 53 with the objective lens reference position infor- 

25 mation memorized in the memory mesms 65. Then, the 
control portion 54 drives the objective I ens driving means 
52 so as to cause the current position of tiie objective 
lens to coincide with the objective lens reference position 
information. 

30 Even if tiie focal length of the ok^ective lens was 
changed from the predetermined value in order to effect- 
ing focusing during surgery, the focal length of the objec- 
tive lens is corrected to the predetemriined reference 
value. 

36 

[Tilting movement around a point on the observation opti- 
cal axis] 

In this case, the microscope body spherical suriace 
40 tilting switch SW2 is depressed. Then, a signal from tiie 
switch SW2 is inputted to the control portion 54, and a 
signal is outputted to tiie arm supporting electi'omag- 
netic driving circuit 56a to release the brake action of 
merely the electromagnetic brakes 37a, 37b. 37c, 37d. 
45 37e and 37f. In this state, only tiie electromagnetic 
brakes 38g, 37h and 37i are fixed in view of the move- 
ments of the six degrees of freedom as mentioned 
abova 

In Fig, 25A, the tilting rod can be only tilted around 
so the fixed point S2. The point TZ moves on the surface of 
a sphere having a radius equal to the distance R2 
between S2 and T2. The movement of T2 is tiBnsmitted 
in the simitar way to the movement of the above-men- 
tioned arm so that an intersection T1 of the pivot axis 09 
55 and the pivot axis 0 1 0 of the first tilting arm 1 1 moves in 
the opposite direction by a distance equal to the move- 
ment of the intersection T2 multiplied by C which is a 
constant of the similarity ratio between tiie similar trian- 
gles. 
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The tilting movement of the tilting rod 25 is transmit- 
ted to the microscope body 12 by the movement trans- 
mitting mechanism 57 using flexible wires 27a to 27d into 
a similar movement of the microscope 12. The operation 
will be described with reference to FIGS. 19 and 20. s 

As the tilting rod 25 is rotated around the pivot axis 
012, a pulley 26d integrally provided with the seat 22 of 
the second tilting arm 15 is also rotated integrally. As a 
result, either one of wires 27c and 27d is pulled according 
to the rotational direction of the pulley 26d. Hie both end io 
of the pulled wire is fixed to the rotary block 21 d and the 
connecting block 9 and slide through an outer tubes 28c 
or an outer tube 28d whose movement along the corre- 
sporKling wires is restricted, whereby the pulley 26c inte- 
grally provided with the arm 1 0b of the first tilting arm 11 is 
is rotated at the same angle in the same direction of the 
pulley 26d. The not-pulled wire transmits the movements 
of the pulleys 26d and 26c in a one-to-one relation with- 
out play. The rotation of the arm 10b is transmitted into 
rotation of the arm 1 0e around the pivot axis 01 0 by the so 
parallelogrammic link mechanism 10, and thus the 
microscope body 1 2 is rotated around the pivot axis 01 0 
at the same tilting and in the same direction as the seat 
22 rotating around the pivot axis 012. 

When the tilting rod 25 is rotated around the pivot 2S 
axis 012. the pulley 2b provided on the rotary block 21 
is also rotated integrally. Either one of the wires 27a and 
27b is pulled according to the rotation of the pulley 26b, 
the both ends of the pulled wire are fixed to the fixing 
base 20d and the arm 2d t>y fixtures 29b and 29a and so 
slide through an outer tube 28a or an outer tube 29a 
whose movement along the wire is restricted. The pulley 
26a integrally provided with the connecting biock 9 of the 
tilting arm 1 1 is rotated at the same angle In the same 
direction as the pulley 26b. The not-pulled wire transmits 3S 
the rotation of the pulleys 26b and 26a in a one-to-one 
relation without play. Thus, the microscope body 12 
rotated around the pivot axis 09 at the same angle in the 
same direction as the rotary block 21 tilting around the 
pivot axis 021. 40 

In this arrangement, the pivot axis 023 of the tilting 
rod 25 is maintained parallel witii the pivot axis O20 of 
the parallelogrammic linkage 10 coaxial with the obser- 
vation optical axis of the arm lOe. 

As shown in FIG. 25A, the microscope body 12 can 45 
be tilted around the point SI separated from T1 on tiie 
pivot axis O20 coaxial with the observation optical axis 
by a distance R2 x C » R1. FIG. 25 B shows a state of 
the microscope body 12 which is tilted rightward from its 
state in FIG. 25A. so 

Upon depressing the tilting center point setting 
switch SW3 of the grip 55, an objective lens position sig- 
nal is inputted from the objective lens position detecting 
portion 53 to the control portion 54. and ai tilting rod posi- 
tion signal is inputted from the tilting rod position detect- ss 
ing portion 44 to tiie control portion 54. From the 
objective lens signal, the control portion 54 calculates a 
distance Rf between Tl and the point P on the observa- 
tion axis on the focal surface of the mkaroscope body 12. 



The control portion 54 also calculates a distance 
between T2 and S2 fr m the tilting rod positi n signal. 
The value R2 x C = R1 which is the distance R2 multi- 
plied by a constant of the similarity ratio of triangles is 
compared witii Rf . A driving signal fbr equalizing Rf with 
R1 is outputted to tiie tilting rod driving portion 43 to drive 
tiie tilting rod 25. On the tilting rod driving portion 43, a 
motor (not shown) is rotated and moves the slide rod 23 
of the tilting rod 25 on the pivot axis 023 by a required 
lengtii in tiie required direction. 

While ttie driving signal is being supplied to the tilting 
rod driving portion 43, a starting signal is outputted from 
the control portion 54 to a movement controlling mech- 
anism electromagnetic brake circuit 56b. The braking 
action of tine electromagnetic brakes 37g, 37h and 37i 
are released with the other electromagnetic brakes 37a 
to 37f fixed. 

In this operation, the point which the surgeon or the 
operator wants to set as the tilting center point of the 
microscope body 12 is made to coincide with the obser- 
vation center point The focusing is made, by means of 
the focal length changing switch SW4, on the point (the 
point P shown In FIG. 21) by changing the focal length 
of the objective lens 50 by means of the focal length 
changing switch SW4. Upon depression of the tilting 
center point setting switch SW5 of the grip 55. SI is 
moved so as to coincide with P, and the tilting center point 
of the microscope body 12 is automatically set to the 
required point. 

When the microscope body spherical surface tilting 
switch SW2 lor tilting around a point on the observation 
optical axis is depressed, the reset functions for the six 
degrees of freedom do not work. 

This enrtxxjiment has the objective lens driving por- 
tion 52. the objective lens position detecting portion 53. 
the tilting rod driving portion 43 and the tilting rod position 
detecting portion 44. When the focal distance setting 
switch SW5 is depressed by the surgeon or the operator 
according to the calculation in the control portion, the tilt- 
ing center point SI of the rnicroscope body 12 can be 
controlled so as to coincide with the focus of the cun^ent 
microscope body 12. 

(Effects) 

The first and second moving mechanisms interlock- 
ing with the first and second parallelogrammic linkages 
2 and 3 comprise the arms 2a and 3a and the first trans- 
mitting rod 7, and the arm 2b and 3b and the second 
transmitting rod 8. respectively. These mechanisms have 
no play making the cause of displacement of the field of 
vision of tiie microscope body 12 and they are rigid. 
Thus, the first parallelogrammic linkage 2 can be accu- 
rately interlocked with the second parallelogrammic link- 
age 3. And their structures are simple. A counterweight 
39b as an auxiliary countepAreight is provided on the arm 
3a and does not extend rearward due to the movement 
of the microscope body 12. A counterweight 39c as an 
auxiliary counterweight is provMed on the second trans- 



23 



45 



EP 0 700 665 A1 



46 



mitting rod 8 and little extends due to the movement of 
the microscope body 12. 

The rotational balance of the arm 2a around the pivot 
axis 01 and the rotational balance of th arm 2b can be 
easily adjusted independ ntly by the counterweigtits 39b 
iand 39a, and their adjustment is easy. 

The balance adjusting mechanism of the micro- 
scope body supporting arm 13 employs a moving bal- 
ance weight 63, leading to a simple shape. Since the 
position of the miaosoope body 12 with respect to the 
pivot axis O20 is not changed, the tilting center point is 
not displaced from the observation focus and is operated 
easily although the surgical microscope unit is provided 
with a tilting mechanism rotatable around the observa- 
tion focus. 

As the all direction free switch SW1 is depressed to 
move the microscope 1 2, the focal length of the objective 
lens is moved to a reference position which has been set 
previously. Thus, a proper working area can be always 
obtained without greatly enlarging or reducing it by 
changing the focal length and repeating the movements 
of the microscope body 12. Because this function does 
not work when the microscope body 12 is tilted around 
the observation point upon depression of the microscope 
body spherical surface tilting switch SW2. the focus of 
the observation point does not change, and operative- 
ness is not deteriorated. 

A surgical microscope unit according to a fourth 
embodiment of the present invention will be described 
with reference to FIGS. 26 to 30. 

(Structure) 

FIG. 26 shows a general structure of the whole of 
the surgical microscope unit according to the fourth 
embodiment. A supporting base 4 is provided on the 
floor, and a support 1 is pivotally supported on the sup- 
porting base 4 around a vertical axis OO. A first parallel- 
ogrammic linkage 2 formed by connecting arms 2a to 2d 
so as to be rotatabte su-ound parallel pivot axes 01 to 04 
in turn. The first paratlelogrammk: linkage 2 has thesame 
structure as that of the first embodiment and is con- 
nected to the support 1 by an upper supporting member 
5 provided on the lower portion of the support 1 so as to 
be rotatable around the pivot axis 01 perpendicular to 
the vertical axis OO. 

As in the case of the third entxKliment, a second 
paralletogrammic linkage 3 comprises arms 3a to 3d 
connected together around parallel pivot axes OS to OS 
in turn and is rotatably connected to the support 1 around 
the pivot axis 05 by mscins of a lower sui^porting mem- 
ber 6 provided on the upper portion of the support 1 . The 
pivot axis 05 is perpendicular to the vertical axis OO and 
parallel with the pivot axis 01 . 

The arm 2a of the first parallelogrammic linkage 2 is 
provKled with a sprocket 66a on an axis coaxial with the 
pivot axis 01 . The arm 3a is provided on an axis coaxial 
with the pivot axis 05 with a sprocket 66b having the 
same diameter as the sprocket 66a. The sprockets 66a 



and 66b are connected together by a chain 76a wound 
on them. In this state, a line connecting the pivot axis 01 
and the pivot axis 04 is made always parallel with a line 
connecting the pivot axis 05 and the pivot axis OB. In 

5 this embodiment, a first interlocking mechanism com- 
prises the arms 2a and 3a, the sprockets 66a and 66b 
and the chain 67a. 

An ami 2b of the first parallelogrammic linkage 2 is 
also provided with a sprocket 66c on an axis coaxial with 

10 the pivot axis 01. and an arm 3b is provided on an axis 
coaxial with the pivot axis OS with anotiier sprockat 66d 
having the same diameter of the sprocket 66c. The 
sprockets 66c and 66d are connected together by a chain 
67b wound on tiiem. In this case, a line connecting the 

IS pivot axis 01 and the pivot axis 02 in a plane parallel 
with the paper surface of the drawing is made always par- 
allel wKh a line connecting the pivot axis 05 and a pivot 
axis 06 in a plane parallel witii the paper surface of the 
drawing. In the fourth embodiment, a second interlocking 

20 mechanism comprises the arms 2b and 3b, the sprock- 
ets 66c and 66d and the chain 67b. 

A first tilting arm 1 1 includes a third parallelogram- 
mic linkage 1 0 which comprises arms 10a to lOe and a 
connecting block 9 connected together around parallel 

25 pivot axes 01 5 too 19. 031 and 032 like tiie third embod- 
iment. An arm 10b of tiie third parallelogrammic linteige 
10 is provided with a balance weight 14. 

A microscope body 12 is supported on a downward 
projecting end portion of the arm lOe of ttie third paral- 

30 lelogrammic linkage 1 0 by a microscope supporting arm 
13 having a later-described balance adjusting mecha- 
nism movable around a pivot axis O20 passing the pivot 
axis 017 and the pivot axis 018. 

As in the case of the third embodiment, the micro- 

35 scope body 12 is rotatable around an imaginary pivot 
axis O10 passing the pivot axis 09. the pivot axis O20 
and an intersection of the pivot axis 09 and the pivot axis 
O20 and perpendicular to tiie paper surface of the draw- 
ing in the state in which angular nfX)ments around the 

40 corresponding axes are zero. 

The mk;roscope body 12 is provided with a side 
scope for an assistant. 

The balancing mechanism for the first and second 
parallelogrammic linkages 2 and 3 will be described. 

45 As in the third embodiment, a counterweight 39a is 
supported by a screw shaft 41 a on the arm 3d of the sec- 
ond parallelogrammic linkage 3 so as to be movaksie axi- 
ally thereof. 

In the same way as in the case of the first embocfi- 
50 ment, a counterweight 39b is supported by a screw shaft 
41b on the arm 3a so as to be movable thereof. 

A counterweight 39d is supported on the arm 2a of 
the first parallelogrammic linkage 2 by a screw shaft 41 d 
connected to a part of the arm 2a opposite to the pivot 
55 axis 04 with respect to the pivot axis 01 so as to be mov- 
able axially of tiie screw shaft 41 d. 

A counterweight 39e is supported on the arm 2b tiy 
a screw shaft 41 e connected to a part of the arm 2b oppo- 
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site t the pivot axis 01 with respect to the pivot axis Q2 
so as to be movable axiatly of th screw shaft 41 e. 

The weights of the counterw ights 39a. SSb, 39d 
and 39e are distributed arxi these counterweights are 
arranged so that the angular moments around the pivot 
axis OO and the pivot axis 01 are always zero when the 
first parallelogrammic linkage 2 and the second parallel- 
ogrammic linl^ge 3 are interlockingiy operated. 

In this embodiment, an auxiliary counterweight com- 
prises the counterweights 39b. 39d and 39e. 

A second tilting arm 15 having the same structure 
as that of the third embodiment and connected to the 
second parallelogrammic linkage 3 comprises a fixing 
base 20. a rotary block 21 and a seat 22 and supports a 
tilting rod 25 in a state in which the angular moments are 
zero as in the case of the third emt>odiment. 

A movement controlling mechanism 40 has the 
same structure as that of the third embodiment and the 
description thereof is orrytted. 

A movement transmitting mechanism 57 has pul- 
leys, wires, outer tubes, fixtures and the like as in the 
third embodiment 

As in the third embodiment. T2 indicates an inter- 
section of a pivot axis 012 and a pivot axis 021. S2 
shows an intersection of a pivot axis 023. a pivot axis 
024 and a pivot axis O30. and R2 represents a linear 
distance between T2 and S2. 

In the same way as the third embodiment, the pivot 
axes 01 . 04, OS. 01 0. 01 2 and O50 in a plane parallel 
with the paper surface of the drawing are arranged so 
that a triangle formed by connecting the axes 6 1 , 04 and 
01 0 is similar to a triangle formed by connecting the pivot 
axes OS, O50 and 012. The similarity ratio Is: 

(A01, 04, O10) / (AOS. O50. 012) - C 

where C is a constamt. 

Electromagnetic brakes 37a to 37i for controlling the 
rotation of the pivot axes are provided in the same por- 
tions as those of the third embodiment. The electromag- 
netic brakes 37a to 37i of the movement controlling 
mechanism 40 are shown in FIG. 20 which also illus- 
trates the third embodiment 

The structure of an electrical circuit of this embodi- 
ment is the same as that of the third embodiment as illus- 
trated in FIG. 21. and its description is omitted. 

A balance adjusting mechanism of the mteroscope 
body supporting arm 13 will be described. FIQ. 27 is a 
front view of the microscope supporting arm 1 3 and FIG. 
28 is a side view thereof. 

A connecting rod 70 is rotatably connected to an arm 
lOe around a pivot axis O20. and an arcuated guide 
member 71 is f i^ to the lower portion of the connecting 
rod 70. 

The arcuated guide member 71 is formed with a 
guide groove 72 which extends toward the both lateral 
sides of the a point SI on the pivot axis O20 as a center 
of the tilting movement of a microscope 12 and has a 
constant width. Two rollers 74a and 74b rotatably con- 



nected to a moving body 73 around pivot axes Oa and 
Ob are inserted in the guk:le groove 72 so as to movable 
therealong. 

A rack 75 is formed on the undersurface of the arcu- 
5 ated guide member 71 . A pinion gesu' 76 engages the 
rack 75 and is rotatable around a pivot axis Oc together 
with a knob 77 provided on the moving member 73. 

A supporting arm 78 fixed to the microscope kxxly 
1 2 is connected through a bearing 79 to the lower portion 
10 of the moving body 73 so as to be rotatable around a 
pivot axis O40 coaxial with the observation axis of the 
microscope optical axis 12 and is fixed to the moving 
body 73 by a lever 80 screwed into the moving body 73. 
In the state shown in the figure, the pivot axis O20 and 
IS the pivot axis 040 are coaxial with each other. 

(Operation) 

The surgical microscope of tfiis embodiment makes 
20 the same nfKivements of six degrees of freedom and tilt- 
ing movement around a point on the observation axis as 
that of the third embodimerrt. These movements will be 
described. 

25 [Movements of six degrees of freedom] 

As an all direction free switch SW1 of a grip 55 is 
depressed, a signal is inputted to tiie control potion 54. 
Signals are outputted to a supporting arm electromag- 
30 netic brake driving circuit 56a and a movement control- 
ling mechanism electromagnetic brake driving circuit 
56b, and all electromagnetic brakes 37a to 37i are 
released. 

Upon release of the electromagnetic brake 37a. the 
36 support 1 is made rotatable around the vertical axis OO. 
and the microscope body 12 is made rotatable around 
the pivot axis OO witii respect to the supporting base 4 
through tiie first parallelogrammic linkage 2 and the first 
tilting arm 1 1 . 

40 When the electromagnetic traka 37b is released 
(see FIG. 2). the arm 2b becomes rotatable around the 
pivot axis 01 with respect to the upper supporting mem- 
ber 5. and the arm 2d becomes rotatable around the pivot 
axis 04 with respect to the arm 2a through the arm 2c 

45 in a state in which the arm 2d is parallel with the arm 2b. 
Thus, the microscope body 12 becomes rotatable 
around the pivot axis 04 with respect to the arm 2a 
tfirough the first tilting ami 1 1 . 

As the electromagnetic brake 37g is released (see 

60 FIG. 3). the arm 3a becomes rotatable around the^ivot 
axis 05 witii respect to the lower supporting member 6. 
and the sprocket 66b provided on the arm 3a is made 
rotatable. The rotation of tiie sprocket 66b is transmitted 
to the sprocket 66a provided on the arm 2a by ttie chain 

55 67a, and the arm 2a is made rotatable around ttie pivot 
axis 01 with respect to the upper supporting member 5. 
Thus, the microscope body 12 is made rotatable around 
the pivot axis 01 with respect to the upper supporting 
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member 5 through the first tilting arm 11 . In this state, 
the arm 3a is always maintained parallel with the arm 2a. 

As In the case f the third embodiment, the mjcro- 
scx3pe 12 is mad to be moved three-dimensionally 
according to these three movements. 

The operation of the electromagnetic brakes 37d to 
37f when they are released is the same as that of the 
third embodiment, and the microscope body 12 is made 
rotatable around an intersection T1 of the three pivot 
axes 09, 010 and O20. 

Since all electromagnetic brakes 37g, 37h and 37i 
of the movement controlling mechanism 40 are released, 
n elements restrict the movements of the microscope 
body 12 as in the case of the third embodiment. 

In other words, the microscope body 12 can be 
moved at six degrees of freedom according to the three- 
dimensional movements and the tilting movements 
around the three orthogonal axes. 

The operation interlocking with the movements of 
the six degrees of freedom will be described. 

As the arm 2b is rotated around the pivot axis 01 
with respect to the upper supporting member 5. the 
sprocket 66c provided on the arm 2b is made rotatable. 
The rotation of the sprocket 66c is transmitted to the 
sprocket 66d provided on the arm 3b tiy a chain 67b, and 
the arm 3b is rotated around the pivot axis OS with 
respect to the lower supporting member 6 in a state in 
which the arm 3b is always maintained parallel with the 
arm 2b. The arm 3d connected to the arm 3b in a parallel 
manner y the arm 3c is also rotated around the pivot axis 
08 with respect to the arm 3a. In this case, the arm 3d 
is always maintained parallel with the arm 2d. 

As the arm 3a is rotated around the pivot axis 05 
with respect to the lower supporting member 6, the arm 
3b is rotated around the pivot axis OS with respect to the 
lower supporting member 6. 

The tilting rod 25 is moved together with the arm 3d 
through the second tilting arm 15. 

In this state, the group of the arms 2a arxJ the arm 
2b and the group of the arm 2d and the arm 3d are moved 
in parallel with each other, and a triangle formed by con- 
n cting the pivot axes 01 , 04 and 01 0 is always main- 
tained similar to a triangle formed by connecting the pivot 
axes OS, O50 and 01 2 in a plane parallel with the paper 
surface of the drawing. 

FIQ. 29 is a modeled view illustrating how to balance 
the first parallelogrammic linkage 2 and the second par- 
alletogrammic linkages. 

The compound center of gravity of the members 
b tween the first tilting arm 1 1 and the mteroscope body 
12 is designated by G1 . Its weight is represented by W1 
and the distance between the pivot axis 04 and the 
center of gravity is shown by LI . 

Wa is the weight of the countenfveight 39a. L2 is the 
distance between the pivot axis 08 arxl the center of 
gravity of the counterweight 39a, Wb is the weight of the 
weight of the countenveight 3Bb, r2 is the distance 
between the pivot axis 01 and the center of gravity of the 
countenMeight 39b. Wd isthe weight of the counterweight 



39d, r4 is the distance between the pivot axis 01 and the 
center of the gravity of the countenveight 39d, We is the 
weight of the counterweight 39e, L4 is the distance 
between the pivot axis 01 and the center of gravity of the 
5 countero/eight 39e. r1 is the distance between the pivot 
axes 01 and 04. and r3 is the distance between the pivot 
OS and 08. 

The counterweights 39a, 39b, 39d and 39e are dis- 
posed in such positions as satisfy the following two equa- 
10 tions: 

W1xL1 «WaxL2-i>WexU,and 
W1 X r1 = Wa X r2 + Wb X r2 + Wd X r4. 

IS 

When the microscope body 12 is moved three- 
dlmensionally, the angular moments of the first parallel- 
ogrammic linkage 2 and the second parallelogrammto 
linkage 3 are maintained zera 

20 The balance of the microscope body 12 when it e 
tilted will be described. When, a shown in FIGS. 27 and 
28. the compound center of gravity of the members 
including the microscope body 12 rotating around the 
pivot axis 02D is displaced from the point Qa at which 

2S the angular moments around the pivot axes 09. 01 0 and 
O20 to Gb due to the change of the position of the side 
scope 16 connected to the microscope body 12 or due 
to the like cause, the lever 80 is loosened, and the micro- 
scope body 1 2 is rotated around the pivot axis O40 coax- 

30 iai with the observatton optical axis of the microscope 
body 12 through the supporting arm 78 to make the 
center of gravity Gb to lie in a plane including Ga and 
parallel with the paper surface of FIG. 13. Then, the lever 
80 is tightened. 

35 As the knob 77 is rotated, the pinion gear 76 coaxial 
therewith engages the rack 7S formed on the arcuated 
guide member 71. As shown in FIG. 30. the rollers 74a 
and 74b siidably moves in the guide groove 72 and the 
moving member 73 is moved on an arc having 81 as its 

40 center which is the tilting center of the microscope body 
12. 

It is, therefore, preferred that the microscope body 
12 together with the moving member 73 is tilted around 
82 by tuming the knob 77 to cause the center of gravity 

45 Gb to coincide with the pivot axis O20. 

When the angular moments around the pivot axis 
09 and the pivot axis O10 are produce by the vertical 
rrxjvement of the center of gravity Gb. it is preferred that 
the balance weight 1 4 provkJed on the arm 1 0b is rotated 

60 with respect to the screw portion 1 8 and is nnoved along 
the line connecting the pivot axis 01S and the pivot axis 
32. as shown in FIG. 24 illustrating the third embodiment, 
in order to cancel out the angular moments. 

In this way, the microscope body 12 can be moved 

55 at the six degrees of freedom in a state in which the angu- 
lar moments are zera 
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[Tilting movement around a point on th observation opti- 
cal axis] 

Upon depression of the microscope spherical sur- 
face tilting switch SW2 of the grip 55, a signal Is inputted s 
to the control portion 54. Signals are outputted only to 
the supporting arm electromagnetic brake driving circuit 
56a and the braking action of the electromagnetic brakes 
37a to 37f is released. In this state, only the electromag- 
netic brakes 37g to 37i are fixed. io 

In the same way as the third embodiment, the move- 
ment of the intersection S2 of the pivot axes 023. 024 
and O30 are restricted and the tilting rod 25 can be tilted 
only around S2. The point T2 moves on the spherical 
surface having a radius equal to the distance R2 between is 
S2 and T2. The movement of T2 is transmitted in the 
same way as the aforementioned arm, and the intersec- 
tion T1 of the pivot axis 09 and the pivot axis O10 of the 
first tilting arm is moved in the opposite direction by a 
distance equal to the moving distance of T2 multiplied 20 
by C which is the ratio of the above-mentioned similar 
triangles. 

The movement of the first tilting arm 1 1 is transmit- 
ted according to the movement of the movement trans- 
mitting mechanism 57 in the same way as the third 2S 
embodiment. 

The microscope body 12 can be tilted around the 
point SI separated by a distarxje R2 x C = R1 from T1 
on the pivot axis O20 coaxial with the ot>servation optical 
axis. 30 

(Effects) 

Since the first and second interiocking mechanisms 
of the fourth embodiment comprise a group of the arms 35 
2a and 3a. the sprockets 66c and 66d and the chain 67b 
and a group of the arms 2b and 3b, the sprockets 66c 
and 66d and the chain 67b, these mechanisms do not 
project from the line connecting the pivot axis 01 and the 
pivot axis 05 and thus can be made small In size. 4o 

The counterweights 39d and 39e as auxiliary coun- 
tenweights are provided on the arms 2a and 2b rotatable 
around the pivot axis Ol , and they are disposed close to 
the waist of the surgeon or the operator. Thus, the sur- 
geon or the operator can adjust the balance of the coun- 45 
tenAfeights 39d and 39e at a comfortable posture as 
compared with the case in which the balance adjustment 
Is made by moving the counterweights 39a arxJ 39b. 

The counterweights 39a and 39b are provided 
below, the countenweights 39d and 39e can naturally so 
made small, and they do not obstruct the work of the sur^ 
geon or the operator sind the assistants and can be 
adjusted easily. 

When the balance adjusting mechanism of the 
microscope body 1 2 is used, the microscope body 1 2 is 55 
rotated around the tilting center point Si of the micro- 
scope body 12 by the arcuated guide member 71 . Even 
if a tilting mechanism wNch is tilted around the obs rva- 
tion focus is provMed, tiie surgical microscope unit can 



be operated easily because its tilting center is not dis- 
placed from the observation focus. 

Claims 

1 . A surgical microscope unit having a moving mech- 
anism which supports a microscope body (12) and 
can move it tiiree-dimensionally. said microscope 
kxxJy (12) being capable of tilting around three axes, 
characterized in that said moving mechanism com- 
prising: 

a support (1) having a vertical axis (OO); 

a first parallelogrammic linkage (2) rotatably 
mounted on said support (1) around said vertical 
axis (OO) and having four parallel axes (Ol to 04) 
intersecting with a plane including said vertical axis 
(OO), said first parallelogrammic linkage having four 
arms (2a to 2d) pivoted together by saki four axes 
arxJ rotatably supported on said support at the first 
pivot axis (Ol) of said pivot axis; 

a second parallelogrammic linkage (3) rotat- 
ably supported on saki support (1) around sakl ver- 
tical axis over or under said first parallelogrammk; 
linkage (2) and having four parallel pivot axes (05 to 
OB) intersecting a plane including saki vertical axis 

(00) . said second pcurallelogrammic linkage (3) hav- 
ing four arms (3a to 3d) pivoted together by sakJ four 
axes of saki second parallelogrammic linkage and 
rotatably supported on said support (1) at the first 
pivot axis (05) of said pivot axes of said second par- 
allelogrammic linkage; 

a first interiocking mechanism for interk)cking 
rotation of the first arm (2a) of said first parallelo- 
grammic linkage (2) around said first pivot axis (Ol) 
of said first parallelogrammic linkage with rotation of 
tiie first arm (3a) of said second parallelogrammic 
linkage (3) around saki pivot axis (05) of said sec- 
ond parallelogrammic linkage so that a line formed 
by connecting said first pivot axis (Ol) and the sec- 
ond pivot axis (04) adjacent thereto of said first par- 
allelogrammic linkage (2) is always parallel with a 
line formed by connecting said first pivot axis (05) 
and the second pivot axis (08) adjacent thereto of 
said second parallelogrammic linkage (3); and 

a second interiocking mechanism for Inter- 
locking rotation of said second arm (2b) of said first 
parallelogrammic linkage (2) around said first pivot 
axis (01) of said first parallelogrammic linkage with 
rotatk)n of said second arm (3b) of saki second par- 
allelogrammic linkage (3) arourid said first pivot axis 
(05) of said second parallelogrammic linkage (3) so 
that a line formed by connecting said first pivot axis 

(01) and the tiiird pivot axis (02) adjacent thereto 
of saki first parallelogrammic linkage (2) is always 
parallel with a line formed by connecting said first 
pivot axis (05) and said thind pivot axis (06) of said 
second parallelogrammic linkage, and wherein said 
microscope body (1 2) is supported by the third arm 
(2d} of saki first parallelogrammic linkage (2) includ- 
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ing the second pivot axis (04) of said first paraJlelo- 
grammic linkage (2) which is adjacent to ScUd first 
pivot axis (01) thereof and the diagonally disposed 
fourth pivot axis (03), and 

a countenweight (39a) for reacting an unbal- 5 
anced force exerting on said first parallelogrammic 
linkage (2) and said nnicroscope body (12) is pro- 
vided on said second parallelogrammic linkage (3). 

2. The surgical microscope unit according to claim 1 , 10 
characterized in that saki moving mechanism fur- 
ther comprises: 

a first tilting arm (1 1) connected to the third 
arm (2d) of said first parallelogrammic linkage (2) 
and having a front end portion connected by said is 
microscope body (1 2) arxj a first pivot axis (01 0] and 
a second pivot axis (09) perpendicular to each other 
and allo\ving saM microscope unit (12) to be tilted 
therearound; 

a second tilting arm connected to the third 20 
arm (3d) disposed opposite to second arm (3b) of 
saki second parallelogrammic linkage (3) and hav- 
ing a tilting rod (25) connected to a front end of said 
second third arm and a first pivot axis (012) emd a 
second pivot axis (021 ) which are parallel with SeUd 25 
second pivot axis (OS) and said pivot axis (01 0), 
respectively, and are perpendicular to each other 
and around which saki tilting rod (25) is tilted: 

a movement transmitting mechanism (57, 
1 57) for transmitting tilting movement of said micro- 90 
scope body around said first and second pivot axes 
(OS) and (O10) of said first tilting arm to said tilting 
rod (25) as tilting nxsvement of said tilting rod (25) 
around said first and second axes (021 ) and (01 2) 
of said tilting rod (25); and 35 

a movement controlling mechanism (40) for 
limiting a moving locus of said tilting rod (25) to a 
corresponding location at which said mkn-osoope 
unit is set 

wherein a triangle formed by connecting sakJ 40 
first and second pivot axes (01 . 04) of said first par- 
allelogrammic linkage (2) and said first pivot axis 
(O10) of saKl first tilting arm is similar to a triangle 
formed by connecting said first and second pivot 
axes (05. 08) of said second parallelogrammic link- 4s 
age (3) and said first pivot axis (012) of said second 
tilting arm. 

3. The surgical microscope unit according to claim 1 or 

2, characterized in that said movement controlling so 
mechanism (40) has a linear guide for moving one 
point on saki tilting rod (25) merely on a specific lin- 
ear line. 

4. The surgical microscope unit according to claim 1 or ss 
2, characterized in that sad movement controlling 
mechanism (40) includes a connecting portion for 
connecting said one point on said tilting rod (25) and 



electrical driving means for driving saki connecting 
portion. 

5. The surgical microscope unit according to datm 1 or 
2. characterized in that said movement trsmsmitting 
mechanism (57) has flexible transmitting members 
(27. 28) for connecting saki first tilting arm to said 
second tilting arm and performing transmission of 
rotation between said tilting arms forming said ta'ian- 
gles around said first pivot axes (09) and (021) of 
saki tilting arms. 

6. The surgical microscope unit according to daim 1 or 
2, characterized in that said movement transmitting 
mechanism (40) has slider link devices (10b, 130. 
132; 134, 136, 137) for connecting said first tilting 
arm (11 ) to said second tilting arm (1 5) and perform- 
ing transmission of rotation between said tilting arms 
around saki second pivot axes (CIO) and (CI 2) ol 
saki tilting arms, and belt transmitting devices (1 20. 
121. 126. 135, 139; 122. 127. 128. 140, 141). 

7. The surgical microscope unit according to daim 1, 
characterized by further comprising an interlocking 
member for moving at least either one of said first 
moving mechanism and said second moving mech- 
anism, and an auxiliary counterweight provided on 
said interlocking member. 

8. A surgical microscope having a moving mechanism 
which unit supports a microscope kxxly (12) and can 
move it tiiree-dimensionalty on a specific limited 
locus, characterized in that saki moving mechanism 
corrprises: 

a support (1) having a vertical axis (OO); 

two parallelogrammic linkages (2. 3) rotatably 
mounted on said support (1) around said vertical 
axis (OO) at positions separated upward and down- 
ward, respectively, from saki vertical axis (OO) and 
having four parallel pivot axes (Ol to 04; 05 to 08) 
intersecting with a plane including said vertical axis 
(OO) and four arms (2a to 2d; 3a to 3d) pivoted 
together by said four pivot axes, said parallelogram- 
mic linkages (2. 3) being pivoted on said support at 
the first pivot axes (Ol ; 05) of said four pivot axes, 
two of said arms of each of said parallelogrammic 
linkages extending substantially horizontally; 

two tilting arms (11. 15) connected to saki 
substantially horizontally extending arms (2d, 3d) of 
said first parallelogrammic linkage (2) which irx^lude 
the second pivot axes (04; 08) adjacent to saki first 
pivot axes (Ol; 05) of said parallelogrammic link- 
ages (2, 3) and the tiiird pivot axes (03; 07) dis- 
posed diagonally of said first pivot axes, one of said 
tilting arm (1 1) having a forward end connected by 
said microscope txxiy (1 2) which is rotatable around 
two orthogonal pivot axes (09, 010); 

a tilting rod (25) pivotally connected to a front 
erxi of the other one of said tilting arms (15) arourxl 
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pivot axes (021) and (012) parallel with said orthog- 
onal pivot axes (09) and (O10) around which said 
miaoscope body is rotatable; 

interlocking mechanisms (7. 8) for interlock- 
ing said two parallelogrammic linkages (2, 3] so that 5 
a triangle formed by said first and second pivot axes 
(01. 04) of one of said parallelogrammic linkages 
(2) and the pivot axis (O10) of said one of said tilting 
arms is similar to a triangle formed by said first arxi 
second pivot axes (05, 08) of the other one of said 10 
parallelogrammic linkage (3) and the pivot axis 
(012) of the other one of said tilting arms; 

a movement transmitting mechanism for 
transmitting tilting movement of said microscope 
body around said pivot axes (09, 01 0) to said tilting is 
rod (25) as tilting nrKyvement around said pivot axes 
(021, 012) at the same ratio; and 

a movement controlling mechanism for limit- 
ing a moving locus of said tilting rod (25) to a corre- 
sponding location at which said microscope unit is 20 
set. 

9. The surgical microscope unit according to daim 8, 
characterized in that said movement controlling 
mechanism comprises a pivotal portion pivoted on 2S 
one point on said tilting rod (25) and fixing means 

lor fixing three-dimensional movements of said piv- 
otal portion. 

10. The surgical microscope unit according to claim 8 or 30 
9, characterized in that said one point con^esponds 

to a point on an optical axis of an objective lens of 
said microscope body. 

11. The surgical microscope unit according to daim 8, 3S 
characterized in that said movement controlling 
mechanism is provided with a linear guide for merely 
moving on a specific linear line. 

12. The surgical microscope unit according to daim 8. 40 
characterized in that said movement controlling 
mechanism comprises a connecting portion for con- 
necting a point on said tilting rod (25) and electric 
driving means for driving said connecting means. 
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